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MEMORIES SELECTOR GUIDE 



MOTOROLA MEMORIES 



Motorola has developed a very broad range of reliable 
MOS and bipolar memories for virtually any digital data pro- 
cessing system application. 

New Motorola memories are being introduced continually. 
This selector guide lists all those available as of May 1984. 
For later releases, additional technical information or pricing, 
contact your nearest authorized Motorola distributor or 
Motorola sales office. 

Data sheets may be obtained from your in-plant VSMF 
Data Center, distributors/Motorola sales office or by writing 
to: 

Literature Distribution Center 
. Motorola Semiconductor Products Inc. 

P.O. Box 20912 

Phoenix, AZ 85036 



Notes: 



Operating temperature ranges: 
MOS— 0°Cto70°C 
ECL - 0°C to75°C 
TTL - Military -55°C to + 125°C, Commercial 0°C to 75°C 

*To be introduced. 
(Not all speed selections shown) 

1300 mil package 

2character generators include shifted and unshifted characters, 
ASCII alphanumeric control, math, Japanese, British, German, 
European and French symbols. 

3 Standard Patterns for MOS ROMs:. 
MCM68A316EP91 - Universal Code Coverter and Character 

Generator 
MCM68A332P2 - Sine/Cosine Look-Up Table 
MCM68364P35-3 - Log/Antilog Look-Up Table 
MCM65516P43M - MC146805 Monitor Program 

4 + 5 volt for all read operations, except for programming, where 
+ 25 volts are required. 

^Registered Outputs — 20 ns max clock to output 

35 ns max address to clock setup time 

6600 mil package 

7 Asynchronous register 

^Synchronous register 

^Typical access 
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MEMORIES SELECTOR GUIDE (Continued) 





O MOS DYNAMIC RAMs 














Access Time 


Power 


No. of 






Organization 


Part Number 


(ns Max) 


Supplies 


Pins 




16384x1 


MCM4116BP15 


150 


+ 12, ±5V 


16 




16384x1 


MCM4116BP20 


200 


+ 12, ±5 V 


16 






16384x1 


MCM4116BP25 


250 


+ 12, +5 V 


16 






16384x1 


MCM4517P10 


100 


+ 5 V 


16 






16384x1 


MCM4517P12 


120 


+ 5 V 


16 






16384x1 


MCM4517P15 


150 


+ 5 V 


16 






65536 x 1 


MCM6665AP15 


150 


+ 5 V 


16 






65536x1 


MCM6665AP20 


200 


+ 5 V 


16 






65536 x 1 


MCM6665BP15 


150 


+ 5 V 


16 






65536 x 1 


MCM6665BP20 


200 


+ 5 V 


16 






262,144x1 


MCM6256P10* 


100 


+ 5 V 


16 






262,144x1 


MCM6256P12* 


120 


+ 5 V 


16 






262,144x1 


MCM6256P15* 


150 


+ 5 V 


16 






262,144x1 


MCM6257P10* 


100 


+ 5 V 


16 






262,144x1 


MCM6257P12* 


120 


+ 5 V 


16 






262,144x1 


MCM6257P15* 


150 


+ 5 V 


16 






MOS STATIC RAMs ( + 5 Volts) 












Access Time 


No. of 






Organization 


Part Number 


(ns max) 


Pins 




128x8 


MCM6810 


450 


24 




128x8 


MCM68A10 


360 


24 






128x8 


MCM68B10 


250 


24 






1024x4 


MCM2114P20 


200 


18 






1024x4 


MCM2114P25 


250 


18 






1024x4 


MCM2114P30 


300 


18 






1024x4 


MCM2114P45 


450 


18 






2048x8 


MCM2016HP45 


45 


24 






2048x8 


MCM2016HN45 


45 


24 1 






2048x8 


MCM2016HY45 


45 


24 1 






2048x8 


MCM2016HP55 


55 


24 






2048x8 


MCM2016HN55 


55 


24 1 






2048x8 


MCM2016HY55 


55 


24 1 






2048x8 


MCM2016HP70 


70 


24 






2048x8 


MCM2016HN70 


70 


241 






2048x8 


MCM2016HY70 


70 


24 1 






16384x1 


MCM2167HP35 


35 


20 






16384x1 


MCM2167HL35 


35 


20 






16384x1 


MCM2167HZ35 


35 


20 






16384x1 


MCM2167HP45 


45 


20 






16384x1 


MCM2167HL45 


45 


20 






16384x1 


MCM2167HZ45 


45 


20 






16384x1 


MCM2167HP70 


70 


20 






16384x1 


MCM2167HL70 


70 


20 






16384x1 


MCM2167HZ70 


70 


20 
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MEMORIES SELECTOR GUIDE (Continued) 



RAMs 



(Continued) 





CMOS STATIC RAMs ( + 5 Volts) 












Access Time 


No. of 






Organization 


Part Number 


(ns max) 


Pins 




4096x1 


MCM6147P55 


55 


18 




4096x1 


MCM6147P70 


70 


18 






4096 x 1 


MCM61L47P55 


55 


18 






4096x1 


MCM61L47P70 


70 


20 






4096 x 4 


MCM6168HP35* 


35 


20 






4096x4 


MCM6168HP45* 


45 


20 






4096x4 


MCM6168HP55* 


55 


20 






4096x4 


MCM6169HP35* 


35 


22 






4096x4 


MCM6169HP45* 


45 


22 






4096x4 


MCM6169HP55* 


55 


22 






2048x8 


MCM6116P12 


120 


24 






2048 x 8 


MCM6116P15 


150 


24 






2048x8 


MCM6116P20 


200 


24 






2048x8 


MCM61L16P12 


120 


24 






2048x8 


MCM61L16P15 


150 


24 






2048x8 


MCM61L16P20 


200 


24 






ECL 10K, 10KH RAMs (Open Emitter) 












Access Time 








Organization 


Part Number 


(ns max) 


Pins 




8x2 


M CM 101 43 


15.5 


24 




16x4 


MC10H145 


6 


16 






16x4 


MCM10145 


15 


16 






64x1 


MCM10148 


15 


16 






128x1 


MCM10147 


15 


16 






256x1 


MCM10144 


26 


16 






256x1 


MCM10152 


15 


16 






1024x1 


MCM10146 


29 


16 






1024x1 


MCM 1041 5-20 


20 


16 






1024x1 


MCM10415-15 


15 


16 






1024x1 


MCM10415-10* 


10 


16 






256x4 


MCM10422-15* 


15 


24 






256x4 


MCM10422-10* 


10 


24 






4096 x 1 


MCM 10470-25* 


25 


18 






4096 x 1 


MCM10470-15* 


15 


18 






1024x4 


MCM 10474-25* 


25 


24 






1024x4 


MCM10474-15* 


15 


24 






16384x1 


MCM10480-20* 


20 


20 






4096x4 


MCM10484-20* 


20 


28 













1-4 



MEMORIES SELECTOR GUIDE (Continued) 



RAMs 



(Continued) 





ECL 100K RAMs (Open Emitter) 












Access Time 








Organization 


Part Number 


(ns max) 


Pins 




1024x1 


MCM100415-10* 


10 


16 




256x4 


MCM100422-10* 


10 


24 






4096 x 1 


MCM100470-15* 


15 


18 






1024x4 


MCM100474-15* 


15 


24 






16384x1 


M CM 100480-20* 


20 


20 






4096 x 4 


MCM 100484-20* 


20 


28 






TTL RAMs 












Access Time 




No. of 






Organization 


Part Number 


(ns max) 


Output 


Pins 




1024X1 


MCM93415 


45 


o.c. 


16 




1024x1 


MCM93425 


45 


3- State 


16 






256x4 


MCM93L422 


60 


3-State 


22 






256x4 


MCM93L422A 


45 


3-State 


22 






256x4 


MCM93422 


45 


3- State 


22 






256x4 


MCM93422A 


35 


3-State 


22 













ROMs 



MOS CHARACTER GENERATORS2 






(+5 Volts) 












Access Time 


No. of 






Organization 


Part Number 


(ns max) 


Pins 




128 x (7x5) 


MCM6670P 


350 


18 




128x(7x5) 


MCM6674P 


350 


18 






128 x (9x7) 


MCM66700P 


350 


24 






128 x (9x7) 


MCM66710P 


350 


24 






128 x (9x7) 


MCM66714P 


350 


24 






128 x (9x7) 


MCM66720P 


350 


24 






128 x (9x7) 


MCM66730P 


350 


24 






128 x (9x7) 


MCM66734P 


350 


24 






128 x (9x7) 


MCM66740P 


350 


24 






128 x (9x7) 


MCM66750P 


350 


24 






128x(9x7) 


MCM66760P 


350 


24 






128 x (9x7) 


MCM66770P 


350 


24 






128=(9x7) 


MCM66780P 


350 


24 






128x(9x7) 


MCM66790P 


350 


24 


X 
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MEMORIES SELECTOR GUIDE (Continued) 



ROMs 



(Continued) 





MOS Binary ROMs ( + 5 Volts) 












Access Time 


No. of 






Organization 


Part Number 


(ns max) 


Pins 




2048x8 


MCM68A316EP 


350 


24 




2048 x 8 


MCM68A316EP913 


350 


24 






4096 x 8 


MCM68A332P 


350 


24 






4096 x 8 


MCM68A332P23 


350 


24 






8192x8 


MCM68364P20 


200 


24 






8192x8 


MCM68364P25 


250 


24 






8192x8 


MCM68364P35 


350 


24 






8192x8 


MCM68364P35-33 


350 


24 






8192x8 


MCM68365P25 


250 


24 






8192x8 


MCM68365P35 


350 


24 






8192x8 


MCM68366P25 


250 


24 






8192x8 


MCM68366P35 


350 


24 






8192x8 


MCM68367P 


450 


24 






8192x8 


MCM68368P 


450 


24 






8192x8 


MCM68369P20 


200 


28 






8192x8 


MCM68369P25 


250 


28 






8192x8 


MCM68369P30 


300 


28 






8192x8 


MCM68370P20 


200 


28 






8192x8 


MCM68370P25 


250 


28 






8192x8 


MCM68370P30 


300 


28 






8192x10 


MCM68380P 


3009 


24 






16384x8 


MCM63128P15 


150 


28 






16384x8 


MCM63128P20 


200 


28 






32768 x 8 


MCM63256P15 


150 


28 






32768x8 


MCM63256P20 


200 


28 






CMOS ROMs (+5 Volts) 












Access Time 


No. of 






Organization 


Part Number 


(ns max) 


Pins 




2048x8 


MCM65516P43 


430 


18 




2048 x 8 


MCM65516P43M3 


430 


18 






2048x8 


MCM65516P55 


550 


18 






32768 x 8 


MCM65256P35 


350 


28 
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MEMORIES SELECTOR GUIDE (Continued) 



EPROMs 





MOS EPROMs 












Organization 


Part Number 


Access Time 
(ns max) 


Power 
Supplies^ 


No. of 
Pins 




8192x8 
8192x8 
8192x8 
8192x8 
8192x8 
8192x8 


MCM68764C35 

MCM68764C 

MCM68766C30 

MCM68766C35 

MCM68766C40 

MCM68766C 


350 
450 
300 
350 
400 
450 


+ 5 V, 25 V 
+ 5 V, 25 V 
+ 5 V, 25 V 
+ 5 V, 25 V 
+ 5 V, 25 V 
+ 5 V, 25 V 


24 
24 
24 
24 
24 
24 















ROM/EEPROMs 





MOS 










Organization 


Part Number 


Access 

Time 

(ns max) 


No. of 
Pins 




ROM 


EEPROM 


14Kx8 
14Kx8 


2Kx8 
'2K x 8 plus 256 
redundant bytes 


MCM6836E16 
MCM6836R16 


270 
270 


28 
28 













DUAL-PORT RAM 





MOS 












Organization 


Part Number 


Access Time 
(ns max) 


No. of 
Pins 




256x8 


MCM68HC34* 


240 


40 
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MEMORIES SELECTOR GUIDE (Continued) 



PROMs 





ECL PROMs 












Access Time 


No. of 






Organization 


Part Number 


(ns max) 


Pins 




32x8 


MCM10139 


20 


16 . 




. 256x4 


M CM 101 49 


25 


16 






256x4 


MCM10149A* 


15 


16 






TTL PROMs (3-State Outputs) 












Access Time 


No. of 






Organization 


Part Number 


(ns max) 


Pins 




32x8 


MCM27S19* 


25 


16 




512x4 


MCM7621 


70 


16 






512x4 


MCM7621A 


60 


16 






512x8 


MCM7641 


70 


24 






512x8 


MCM7641A 


60 


24 






512x8 


MCM7649 


60 


20 






512x8 


MCM7649A 


50 


20 






512x8 


MCM27S29A* 


35 


20 






512x8 


MCM27S31A* 


35 


24 






512x8 


MCM27S25A* 


See Note 5 


24 






512x8 


MCM27S27A* 


See Note 5 


22 






1024x4 


MCM7643 


70 


18 






1024x4 


MCM7643A 


50 


18, 






1024x8 


MCM7681 


70 


24 






1024x8 


MCM7681A 


50 


24 






1024x8 


MCM27S181* 


35 


246 






1024x8 


MCM27S281* 


35 


24 1 






1024x8 


MCM27S35A 7 * 


See Note 5 


24 






1024 x 8 


MCM27S37A 8 * 


See Note 5 


24 






2048x4 


MCM7685 


70 


18 






2048 x 4 


MCM7685A 


55 


18 






2048x8 


MCM76161 


70 


24 






2048x8 


MCM76161A 


60. 


24 






2048x8 


MCM27S191* 


35 


24 6 






2048x8 


MCM27S291* 


35 


24 1 


■ 




2048x8 


MCM27S45A* 7 


See Note 5 


24 






2048x8 


MCM27S47A* 8 


See Note 5 


24 






4096x4 


MCM76165 


50 


20 






4096 x 4 


MCM76165A 


35 


20 













BUBBLE 

















Organization 


Part Number 


Access Time 
(Average) 


No. of 
Pins 




262,144x1 
1 ,048,576 x 1 


MBM2256 
MBM2011A 


7.0 ms 
11.5 ms 


16 
16 
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MOS Dynamic RAMs 
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ft) MOTOROLA 




16,384-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM4116B is a 16,384-bit, high-speed dynamic Random 
Access Memory designed for high-performance, low-cost 
applications in mainframe and buffer memories and peripheral 
storage. Organized as 16,384 one-bit words and fabricated using 
Motorola's highly reliable N-channel double-polysilicon technology, 
this device optimizes speed, power, and density tradeoffs. 

By multiplexing row and column address inputs, the MCM41 1 6B 
requires only seven address lines and permits packaging in 
Motorola's standard 16-pin dual in-line packages. This packaging 
technique allows high system density and is compatible with widely 
available automated test and insertion equipment. Complete 
address decoding is done on chip with address latches incorporated. 

All inputs are TTL compatible, and the output is 3-state TTL 
compatible. The data output of the MCM41 1 6B is controlled by the 
column address strobe and remains valid from access time until the 
column address strobe returns to the high state. This output scheme 
allows higher degrees of system design flexibility such as common 
input/output operation and two dimensional memory selection by 
decoding both row address and column address strobes. 

The MCM4116B incorporates a one-transistor cell design and 
dynamic storage techniques, with each of the 1 28 row addresses 
requiring a refresh cycle every 2 milliseconds. 

• Flexible Timing with Read-Modify-Write, RAS-Only Refresh, and 
Page-Mode Capability 

• Industry Standard 16-Pin Package 

• 1 6,384 X 1 Organization 

• ±10% Tolerance on All Power Supplies 

• All Inputs are Fully TTL Compatible 

• Three-State Fully TTL-Compatible Output 

• Common I/O Capability When Using "Early Write" Mode 

• On-Chip Latches for Addresses and Data In 

• Low Power Dissipation — 426 mW Active, 20 mW Standby (Max) 

• Fast Access Time Options: 150 ns — MCM41 1 6BP-15, BC-15 

200 ns — MCM41 1 6BP-20, BC-20 
250 ns — MCM41 1 6BP-25, BC-25 
300 ns — MCM4116BP-30, BC-30 

• Easy Upgrade from 16-Pin 4K RAMs 



ABSOLUTE MAXIMUM RATINGS (See Note 1) 



Rating 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgg 


Vin.Vout 


-0.5 to +20 


Vdc 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Power Dissipation 


PD 


1.0 


W 


Data Out Current 


'out 


50 


mA 


NOTE1: Permanent device damage may occur if ABSOLUTE MAXIMUM RAT- 
INGS are exceeded. Functional operation should be restricted to RECOM- 
MENDED OPERATING CONDITIONS. Exposure to higher than recom- 
mended voltages for extended periods of time could affect device reliability. 



MCM4116B 



MOS 

(N-CHANNEL) 

16,384-BIT DYNAMIC 

RANDOM ACCESS 

MEMORY 




Jftjp 






P SUFFIX 


wWrnnn 




PLASTIC PACKAGE 


leU H MJ U " 


CASE 648 


iU 




C SUFFIC 




FRIT-SEAL PACKAGE 




CASE 620 





PIN ASSIGNMENT 




V 8 B 


1 | 


[~ TW ~l 


| 16 


v S s 


D in 


2 [ 

3 [ 




I 16 
1 14 


CAS 
Dout 


WRITE 


RAS" 


4 [ 




1 13 


A6 


AO 


5 [ 




1 12 


A3 


A2 


6 | 




1 11 


A4 


A1 


7 | 




I 10 


A5 


V D D 


8 | 




1 9 


v c c 






PIN NAMES 




A0-A6 




Address Inputs 




CAS 




Column Address Strobe 


D in 




Data In 




Dout 




Data Out 




RAS 




Row Address Strobe 


WRITE 




Read/Write Input 




V B B 




Power (-5 V) 




v C c 




Power (+5 V) 




VDD 




Power ( + 12 V) 




v S s 




Ground 





This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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MCM4116B 



DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage 


v C c 
v S s 
Vbb 


10.8 

4.5 



-4.5 


12.0 

5.0 



-5.0 


13.2 

5.5 



-5.5 


Vdc 
Vdc 
Vdc 
Vdc 


1 
1,2 


Logic 1 Voltage, RAS, CAS, WRITE 


V IHC 


2.4 


- 


7.0 


Vdc 




Logic 1 Voltage, all inputs except RAS, CAS, WRITE 


V|H 


2.4 


- 


7.0 


Vdc 




Logic Voltage, all inputs 


V| L 


-1.0 


- 


0.8 


Vdc 





DC CHARACTERISTICS (v DD = 12 v ±10%, v cc = 5.0 v ±10%, v B 


B = -5.0 V ±10%, V SS =0 V, Ta = to 70°C.) 




Characteristic 


Symbol 


Min 


Max 


Units 


Notes 


Average Vqd Power Supply Current 


'ddi 


- 


35 


mA 


4 


Vqq Power Supply Current 


'cc 


- 


- 


mA 


5 


Average Vbb Power Supply Current 


'BB1,3 


- 


200 


mA 




Standby VgB Power Supply Current 


!BB2 


- 


100 


mA 




Standby Vqd Power Supply Current 


'DD2 


- 


1.5 


mA 


6 


Average VpD Power Supply Current during 
"RAS only''. ; cycles 


'DD3 


— 


27 


mA 


4 


Input Leakage Current (any input) 


h(L) 


- 


10 


A^A 




Output Leakage Current 


'OIL) 


- 


10 


mA 


6,7 


Output Logic 1 Voltage @ l out = -5 mA 


V H 


2.4 


- 


Vdc 


2 


Output Logic Voltage <a> l out = 4 .2 mA 


vol 




0.4 


Vdc 





NOTES: 

1. All voltages referenced to Vss- V BB must be applied before and removed after other supply voltages. 

2. Output voltage will swing from V55 to Vqc under open circuit conditions. For purposes of maintaining data in power-down mode, 
may be reduced to Vgs without affecting refresh operations. Von(min) specification is not guaranteed in this mode. 

3. Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform refresh are adequate. 

4. Current is proportional to cycle rate; maximum current is measured at the fastest cycle rate. 

5. Ice depends upon output loading. The V qq supply is connected to the output buffer only. 

6. Output is disabled (open-circuit) when CAS is at a logic 1. 



I ov 



Vr 



r5.5 V. 



Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation : C : 



IA, 



BLOCK DIAGRAM 
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Data 
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Buffer 



-V D D 
-VCC 

-vss 



Data In 
(Din) 
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(Dout) 
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Address 
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(7) 
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^Decoder 

1:128 



128 

Row 
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Memory Array 
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Memory Array 
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1-of-2 

Data 
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/\ 
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Column Decoder 
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MCM4116B 



AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3, 
(Read, Write, and Read-Modify-Write Cycles) 

RECOMMENDED AC OPERATING CONDITIONS 

(V DD = 12 V ±10%, V cc = 5.0 V ±10%,V BB = -5.0 V ±10%, V ss = V, T A = to 70°C.) 



9,14) 



Parameter 


Symbol 


MCM4116B-15 


MCM4116B-20 


MCM4116B-25 


MCM4116B-30 


Units 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


375 


- 


375 


- 


410 


- 


480 


- 


ns 




Read Write Cycle Time 


tRWC 


375 


- 


375 


- 


515 


- 


660 


- 


ns 




Access Time from Row Address Strobe 


tRAC 


- 


150 


- 


200 


- 


250 


- 


300 


ns 


10, 12 


Access Time from Column Address Strobe 


tCAC 


- 


100 


- 


135 


- 


165 


- 


200 


ns 


11, 12 


Output Buffer and Turn-off Delay 


tOFF 





50 





50 





60 





60 


ns 


17 


Row Address Strobe Precharge Time 


tRP 


100 


- 


120 


- 


150 


- 


180 


- 


ns 




Row Address Strobe Pulse Width 


tRAS 


150 


10,000 


200 


10,000 


250 


10,000 


300 


10,000 


ns 




Column Address Strobe Pulse Width 


l CAS 


100 


10,000 


135 


10,000 


165 


10,000 


200 


10,000 


ns 




Row to Column Strobe Lead Time 


tRCD 


20 


50 


25 


65 


35 


85 


60 


100 


ns 


13 


Row Address Setup Time 


*ASR 





- 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


20 


- 


25 


- 


35 


- 


60 


- 


ns 




Column Address Setup Time 


tASC 


-10 


- 


-10 


- 


-10 


- 


-10 


- 


ns 




Column Address Hold Time 


l CAH 


45 


- 


55 


- 


75 


- 


100 


- 


ns 




Column Address Hold Time 
Referenced to RAS 


*AR 


95 


- 


120 


_ 


160 


— 


200 


- 


ns 




Transition Time (Rise and Fall) 


*T 


3.0 


35 


3.0 


50 


3.0 


50 


3.0 


50 


ns 


14 


Read Command Setup Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command Hold Time 


«RCH 





- 





- 





- 





- 


ns 




Write Command Hold Time 


l WCH 


45 


- 


55 


- 


75 


- 


100 


- 


ns 




Write Command Hold Time 
Referenced to RAS 


l WCR 


95 


_ 


120 


— 


160 


— 


200 


~ 


ns 




Write Command Pulse Width 


t W p 


45 


- 


55 


- 


75 


- 


100 


- 


ns 




Write Command to Row Strobe Lead Time 


tRWL 


60 


- 


80 


- 


100 


- 


180 


- 


ns 




Write Command to Column Strobe 
Lead Time 


l CWL 


60 


— 


80 


— 


100 


— 


180 


— 


ns 




Data in Setup Time 


tDS 





- 





- 





- 





- 


ns 


15 


Data in Hold Time 


*DH 


45 


- 


55 


- 


75 


- 


100 


- 


ns 


15 


Data in Hold Time Referenced to RAS 


tDHR 


95 


- 


120 


- 


160 


- 


200 


- 


ns 




Column to Row Strobe Precharge Time 


*CRP 


-20 


- 


-20 


- 


-20 


- 


-20 


- 


ns 




RAS Hold Time 


tRSH 


100 


- 


135 


- 


165 


- 


200 


- 


ns 




Refresh Period 


tRFSH 


- 


2.0 


- 


2.0 


- 


2.0 


- 


2.0 


ms 




WRITE Command Setup Time 


nwcs 


-20 


- 


-20 


- 


-20 


- 


-20 


- 


ns 




CAS to WRITE Delay 


*CWD 


70 


- 


95 


- 


125 


- 


180 


- 


ns 


16 


RAS to WRITE Delay 


tRWD 


120 


- 


160 


- 


210 


- 


280 


- 


ns 


16 


CAS Precharge Time (Page mode cycle only) 


*CP 


60 


- 


80 


- 


100 


- 


100 


- 


ns 




Page Mode Cycle Time 


tpc 


170 


- 


225 


- 


275 


- 


325 


- 


ns 




CAS Hold Time 


tCSH 


150 


- 


200 


- 


250 


- 


300 


- 


ns 





Parameter 


Symbol 


Typ 


Max 


Units 


Notes 


Input Capacitance (A0-A5), Dj n 


C|1 
C|2 
Co 


4.0 
8.0 
5.0 


5.0 
10 
7.0 


PF 
PF 
PF 


9 

9 

7,9 


Input Capacitance RAS, CAS, WRITE 
Output Capacitance (D 0U () 



NOTES: (continued) 
9. AC measurements assume t j = 5.0 ns. 

10. Assumes that tRCD + t T ** *RCD (max). 

1 1 . Assumes that tRCD + tj > tRCQ (max). 

12. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

1 3. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD 
is greater than the specified tRqo (max) limit, then access time is controlled exclusively by tcAC- 

14. V|nc (min) or V|h (min) and V||_ (max) are reference levels for measuring timing of input signals. Also, transistion times are measured 
between V|hc or V IH and V IL- 

1 5. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify- 
write cycles. 

16. twcs. l CWD and l RWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: If 
twCS * *WCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; If t£yyp > t^WD (min) and tRwp > tRyvo (min), the cycle is a read-write cycle and the data out will contain data read from 
the selected cell; If neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indeterminate. 

17. Assumes that tcRp > 50 ns. 
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MCM4116B 



READ CYCLE TIMING 




*RC 



X 



'IHC- 
V|L- 



ADDBESSES 



V|L- 



V IHC- 
V|L- 



VOH- 



OL- 



^ 



'RAH 



Row 
Address 



t ASC< 



Column 
Address 



• 'RSH - 
- 'CAS 



A \ 



\o V 



l RP — 
- l CRP • 



l CAC- 



*RAC- 




/ Valid \ 

V Data .1 



WRITE CYCLE TIMING 



'IHC- 
V|L- 



V IHC- 



\ 



*AR 



ADDRESSES 



v ihc"7; 



V,H- 
VlL- 



^ 



Row 
Address 




Column 
Address 



'CAS 



'WCS I | 

«•- -M I^-'wch* 



-I ! 'RWL- 



[••'DS \m— *DH- 



Valid 
Data 



'DHR- 



>(D V 



'RP 

■* 'CRP 



V 



VOH- 
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MCM4116B 



READ-WRITE/READ-MODIFY-WRITE CYCLE 



V IHC 



ADDRESSES 




*J t DH 

1 ds -H-*>J k -H 



Din 



Valid 
Data 



RAS ONLY REFRESH TIMING 



Note: CAS = V| HC , WRITE = Don't Care 



V IHCr 



ADDRESSES 



'HAH 



tf 



V H- 



VOL- 
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MCM4116B 



PAGE MODE READ CYCLE 




'S 



CAS V IHC 



\ 



-j— *csh— H 

A tpc 1 



'RAH -**T t CAH 
f-*ASC 



^., r\ w 



V H 



H — tCAC" 

"'RAC- 



VlHC' 



«-*"j h*-t FF *i h--tOFF •*-] H— 

— CH-— O" O- 



u 



Hf-t AS c 
-5. 



r— t cAc — *" 



-fh 



■"- H—tOFF 



,r~~\ 



_t CRP- 



-»- h^'RCH 



PAGE MODE WRITE CYCLE 



CAS V IHC 



'RAH l—^-'CAH 

I— (tASC 

■f- Col 4> 
Add . 



•WCH" 



i ' t ~~V 



■tRCD-H - — «CAS'^H HcP- H*— tCAS H -> tCAS— «-j \— tCR 



tDS - "H 



'DH* 
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MCM4116B BIT ADDRESS MAP 



; Address A6 A5 A4 A3 A2 A1 AO 
1 Address A6 A5 A4 A3 A2 A1 AO 



rin a 

D 





1 


O = potential well filled 
with electrons 


1 - potential well filled 
with electrons 


0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 


O 

O 


ooooooooo 


.5 


ooooooooo 


□ 0000000 000 
1 1 01 
-o 00000 10 2 02 
- 0000011 3 03 
1 10 4 04 
1 C 1 5 05 
1 10 6 06 
111 7 07 
0001000 8 08 
1 1 1 1 1 1 63 3F 


1 64 40 
1 1 1 1 11 1 127 7F 



Column Addresses 



Hex Dec A6 A5 A4 A3 A2 A1 AO 



76 118 1 1 1 1 1 

77 119 1 1 1 1 1 1 



16 22 1 1 



10 10 



18 1 



24 1 



0C 12 
0D 13 



OA 10 
0B 11 



1 



1 
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MOTOROLA 



MCM4517 




16,384-BIT DYNAMIC RAM 

The MCM4517 is a 16,384-bit, high-speed, dynamic Random-Access 
Memory. Organized as 16,384 one-bit words and fabricated using 
HMOS high-performance, N-channel, silicon-gate technology. This 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM4517 re- 
quires only seven address lines and permits packaging in standard 16-pin 
dual-in-line packages. Complete address decoding is don e on chip with 
address latches incorporated. Data out is controlled by CAS allowing 
for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM4517 incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 16,384 Words of 1 Bit 

• Single +5 Volt Operation 

• Fast 100 ns Operation 

• Low Power Dissipation: 

170 mW Maximum (Active) 
14 mW Maximum (Standby) 

• Maximum Access Time 

MCM4517-10 - 100 ns 
MCM4517-12 - 120 ns 
MCM4517-15 - 150 ns 
MCM4517-20 - 200 ns 

• Three-State Data Output 

• Internal Latches for Address and Data Input 

• Early-Write Common I/O Output Capability 

• 64K Compatible 128-cycle, 2 ms Refresh 

• RAS-only Refresh Mode 

• CAS Controlled Output 

• Upward Pin Compatibility from the 16K RAM (MCM41 16) to the 64K 
RAM (MCM6664) 

• Allows Undershoot V|i_ min= -2 V 

• Hidden RAS Only Refresh Capability 



MOS 

(N-CHANNEL, SILICON-GATE) 

16,384-BIT 
DYNAMIC RAM 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



BLOCK DIAGRAM 



7 Bit 
Latch 
(Row) 



Clock 
Generator 



3 



64x128 Cell 
Memory Array 



.1 of 128 Row 
Decoder 



64x1 28 Cell 
Memory Array 



Column 
Sense 
Amp 



7 Bit 

Latch 

(Column) 



MM H 



J* 1 



Clock 
Generator 



Write 
Enable 
Buffer 



Data 
Input 
Buffer 



•Vdd 

■vss 



Output 
Buffer 



PIN ASSIGNMENT 

N/ciJTy^neb v ss 




PIN NAMES 

A0- A6 Address Input 

D Data In 

a Data Out 

W... Read/ Write Input 

RAS R ow Add ress Strobe 

CAS Column Address Strobe 

Vqc Power ( + 5 V) 

Vss Ground 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



FIGURE 1 - OUTPUT 



Rating 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vgg 


Vin. V ou t 


- 2 to + 7 


Vdc 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Power Dissipation 


PD 


1.0 


W 


Data Out Current 


'out 


50 


mA 



100 pF'_^ 



6008 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 'Includes Jig Capacitance 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full Operating Voltage and Temperature Range Unless Otherwise Noted.) 
RECOMMENDED DC OPERATING CONDITIONS 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage 


vcc 
v S s 


4.5 



5.0 



5.5 



V 


1 


Logic 1 Voltage, All Inputs 


V|H 


2.4 


- 


Vcc+1 


V 


1 


Logic Voltage, All Inputs 


V| L 


-2.0 


- 


0.8 


V 


1 



DC CHARACTERISTICS 



Characteristics 


Symbol 


Min 


Typ 


Max 


Units 


Notes 


V CC Supply Current (Standby) 


ICC1 


- 


1.8 


2.5 


mA 


5 


Vcc Supply Current (Operating) 
4517-10, tRc = 235 
4517-12, tR C = 270 
4517-15, tRc = 320 
4517-20, t RC = 350 


ICC2 


- 


22 
20 
18 
16 


31 
28 
25 
23 


mA 


4 


Vcc Supply Current (RAS-Only Cycle) 
4517-10, t RC = 235 
4517-12, tRC = 270 
4517-15, tRc = 320 
4517-20, tRc = 350 


ICC3 


- 


14 
12 
11 
10 


23 
21 
19 
18 


mA 


4 


Vcc Standby Current (Standby, Output Enable) (CAS at V|i_, HAS at Vm> 


ICC4 


- 


2 


5 


mA 




Vcc Supply Current (Page Mode Cycle Only) 
4517-10, tRc = 235 
4517-12, t RC = 270 
4517-15, tRc = 320 
4517-20, tRc = 350 


ICC5 


- 


17 
15 
13 
10 . 


23 
21 
18 
15 


mA 




Input Leakage Current (Any Input) (Vss=sVin-VcC> 


l|(L) 


- 


- 


10 


*A 




Output Leakage Current (0<V out <5.5) (CAS at Logic 1) 


IQ(L) 


- 


- 


10 


mA 




Output Logic 1 Voltage@l out = -4 mA 


VOH 


2.4 


- 


- 


V 




Output Logic Voltage@l out = 4 mA 


VOL 


- 


- 


0.4 


V 





AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full Operating Voltage and Temperature Range Unless Otherwise Noted) 
(See Notes 2, 3, 9, 14 and Figure 1) 



Parameter 


Symbol 


MCM4517-10 


MCM4517-12 


MCM4517-15 


MCM4517-20 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


235 


- 


270 


- 


320 


- 


360 


- 


ns 


8,9 


Read-Modify-Write Cycle Time 


tRWC 


285 


- 


320 


- 


410 


- 


440 


- 


ns 


8,9 


Access Time from Row Address Strobe 


tRAC 


- 


100 


- 


120 


- 


150 


- 


200 


ns 


10, 12 


Access Time from Column Address Strobe 


tCAC 


- 


55 


-- 


65 


- 


80 


- 


120 


ns 


11, 12 


Output Buffer and Turn-Off Delay 


*OFF 





45 





50 





60 





70 


ns 


18 


Row Address Strobe Precharge Time 


tRP 


110 


- 


120 


- 


135 


- 


150 


- 


ns 




Row Address Strobe Pulse Width 


tRAS 


115 


10000 


140 


10000 


175 


10000 


200 


10000 


ns 


19 


Column Address Strobe Pulse Width 


tCAS 


55 


10000 


65 


10000 


95 


10000 


120 


10000 


ns 


19 


Row to Column Strobe Lead Time 


tRCD 


25 


45 


25 


55 


25 


70 


30 


80 


ns 


13 


Row Address Setup Time 


*ASR 





- 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


15 


- 


15 


- 


20 


- 


25 


- 


ns 




Column Address Setup Time 


Use 





- 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


15 


- 


15 


- 


20 


- 


20 


- 


ns 




Column Address Hold Time Referenced to RAS 


*AR 


60 


- 


70 


- 


90 


- 


140 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


6 
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Continued) 




Parameter 


Symbol 


MCM4517-10 


MCM4517-12 


MCM4517-15 


MCM4517-20 


■ 




Notes 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


iik 


Read Command Setup Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command Hold Time 


tRCH 





- 





- 





- 





- 


ns 


14 


Read Command Hold Time Referenced to RAS 


tRRH 


20 


- 


25 


- 


35 


- 


40 


- 


ns 


14 


Write Command Hold Time 


tWCH 


25 


- 


30 


- 


45 


- 


60 


- 


ns 




Write Command Hold Time Referenced to RAS 


*WCR 


70 


- 


85 


- 


115 


- 


140 


- 


ns 




Write Command Pulse Width 


t W p 


25 


- 


30 


- 


50 


— 


50 


- 


ns 




Write Command to Row Strobe Lead Time 


tRWL 


60 


- 


65 


- 


110 


-' 


110 


- 


ns 




Write Command to Column Strobe Lead Time 


tCWL 


45 


- 


50 


- 


100 


- 


100 


- 


ns 




Data in Setup Time 


tDS 





- 





- 





- 





- 


ns 


15 


Data in Hold Time 


*DH 


25 


- 


30 


- 


45 


- 


60 


- 


ns 


15 


Data in Hold Time Referenced to RAS 


tDHR 


70 


- 


85 


- 


115 


- 


140 


- 


ns 




Column to Row Strobe Precharge Time 


tCRP 





- 





- 





- 





- 


ns 




"RAS Hold Time 


tRSH 


70 


- 


85 


- 


105 


- 


120 


- 


ns 




Refresh Period 


tRFSH 


- 


2.0 


- 


2.0 


- 


2.0 


- 


2.0 


ms 




Write Command Setup Time 


twcs 





- 





- 





- 





- 


ns 


16 


CAS to WRITE Delay 


*CWD 


55 


- 


65 


- 


80 


- 


100 


- 


ns 


16 


RAS to WRITE Delay 


tRWD 


100 


- 


120 


- 


150 


- 


160 


- 


ns 


16 


C"AlfHold Time 


tCSH 


100 


- 


120 


- 


165 


- 


200 


- 


ns 




CAS Precharge, Non Page Mode 


*CPN 


50 


- 


55 


- 


70 


- 


90 


- 


ns 




RMW Cycle RAS Pulse Width 


tRRW 


135 


10000 


160 


10000 


195 


10000 


220 


10000 


ns 




RMW Cycle CAS" Pulse Width 


tCRW 


95 


10000 


110 


10000 


130 


10000 


140 


10000 


ns 




Page Mode Cycle Time 


tpc 


125 


- 


145 


- 


190 


- 


260 


- 


ns 




Page Mode Cycle Time (Read-Modify-Write) 


tPCM 


175 


- 


200 


- 


280 


- 


360 


- 


ns 




CAS Precharge Time (Page Mode Cycle Only) 


<CP 


60 


- 


70 


- 


85 


- 


105 


- 


ns 




RAS Pulse Width (Page Mode Cycle Only) 


tRPM 


115 


10000 


140 


10000 


175 


10000 


235 


10000 


ns 




CAPACITANCE (f=1.0 MHz, T A =25 C C, Vcc= +5 V. Periodically sampled rather than 100% tested.) 


Parameter 


Symbol 


Typ 


Max 


Units 


Notes 


Input Capacitance (A0-A6), Dj n 


C|1 


4.0 


5.0 


pF 


7 


Input Capacitance RAS, CAS, WRITE | C|2 


5.0 


7.0 


PF 


7 



NOTES: 

1. All voltages referenced to Vss- 

2. V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V||_. 

3. An initial pause of 100 ps is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed. 

4. Current is a function of cycle rate an d ou tput l oadin g; maximum current is measured at the fastest cycle rate with the output open. 

5. Output is disabled (open-circuit) and RAS and CAS are both at a logic 1. 

6. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig- 
nals must transmit between V|h and V|i_ (or between V||_ and Vm) in a monotonic manner. 

7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV 

8. The specifications for tRC (min), and tR\A/C (min) are used only to indicate cycle time at which proper operation over the full tem- 
perature range (0°C<Ta^70°C) is assured. 

9. AC measurements assume tj = 5.0 ns. 

10. Assumes that tRCD<tRCD (Max) 

11. Assumes that tRCD^tRCD (Max) 

12. Measured with a current load equivalent to 2 TTL loads ( + 200 >iA, -4 mA) and 100 pF (Vqh = 2.0 V, VOL=0.8 V). 

13. Operation within the tRCD-(max) limit ensures that tRAC (max) can be met. tRC[) (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tQAC- 

14. Either tRRH or tRCH must be satis fied f or a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read- 
modify-write cycles. 

16- tWCS. tCWD. and tRWD ar e not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only: if tyycs^tWCS ( m in). the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD at CWD (min) and tRWD^tRWD (mini, the cycle is a read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterm inate. . 

17. Addresses, data-i n and WRITE are don't care. Data-out depends on the state of CAS. If CAS remains low, the previous output 
will remain valid. CAS is allowed to make an active to inactive transition during the RAS-only refresh cycle. When CAS is brought 
high, the output will assume a high-impedance state. 

18. t ff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

19. For read and write cycles only. 
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MCM4517 



V|H- 
V|L~ 



CAS V| L — 



M 



<ASR 



V|H- 
V| L — 



READ CYCLE TIMING 

tRC- 



■tRAS- 



•'AR- 



-'CSH 



■'RCD >* 



'o: 



IRAH 



Row 
Address 



'ASC-> 



V|H- 



r-^&m 



V H- 
VOL-' 



■tCAH- 



Column 
Address 



-1RSH- 
■'CAS — 



/ 



L 



: &yxxxxx) 5m 



tRCS 



< tRP 

-'CRP- 



7 






'RRH-* 
tRCH 



'CAC- 



■'RAC- 



■HighZ- 



V 




^EXXS 



C Valid v 

Data f 



-'OFF 



V|H- 
V|L- 



CAS 



Addresses 



V|H~ 
V|L- 



V|H" 
V, L . 



X 



'ASR 



< > 



WRITE CYCLE TIMING 

: tRC- 



■tRAS- 



■'AR- 



-tRCD *• 



^ 



'RAH 



'ASC-3 



/ X 



■'CSH- 



■'RSH- 



CoIl 
Address 



V|H~ 
V| 



_______ l wcs ■*■ 



° '-'*-::______< 



■* »WCR- 



-'WP 



■tDS 



■'CAS- 



_ 



<->-tCAH 



s ^xxxxxxx ^^xw 



- — 'CWL- 
fWCH*" 



• 'RWL- 



-* 'RP *■ 



7 



-'CRP- 



V 



^xxxxxxx xxxxxxxyy 



■'DH- 



Valid 
Data 



-'DHR- 



^yyxxxxxxxxxxxxy 



Q (Data Out) 



VOH- 
VOL- 



■HighZ- 



2-13 



MCM4517 



R AS-ONL Y REFRESH CYCLE 
(Data-in and Write are Don't Care, CAS is HIGH) 




V|H" 
V|L-. 



*tRP> 



r\: 



Addresses, ^ 



A0-A6 



-tRC- 



-tRAS- 



*— tRAH- 
l ASR 



:? ~\ 



-tRp >■ 



Tjmxf O^=rmmmmmmmm^ 



READ-WRITE/READ-MODIFY-WRITE CYCLE 



RAS 



CAS 



V|H" 
V|L" 



V 



-tRWC- 



■'AR- 



-<RRW- 



-tRCD- 



V|H- 
VlL- 



tASR*" 



Addresses 



V|H" 



'Ck 



tRAH 
< H'ASO 



H-X1\" Ro^ */W 
I -A/ f Address -AAA r 



V|H" 
V| 



Q (Data Out) 



VOH-_ 

vol-" 



-tCSH- 



-tRSH- 



-tCRW" 






t-*CAH~ 



Column 
Address 



wmmmxmm m 



tRCS-^j 

- jxxxmxx/ 



•IRWD- 



■*CWD- 



-'CAC- 



-HighZ- 



- l RAC- 



■tCWL- 
-tRWL- 



/ X 



'^_y 



-twp- 



-tRp- 

•tCRP- 



c 



Valid 
Data 



IDS 



— r xyyyxxxyxyxyxxxxyyyyyyyxy ^r^ xxyxyyxyyxyx 



-tQFF 



> 



tDH 



RAS 



CA5 



HIDDEN RAS-ONLY REFRESH CYCLE 

- Memory Cycle ■ — » | < 



^ 



J~\ 



Refresh Cycle ■ 



J x 



\ 



/ 



m^^mmM ^mmw^ 



mmr 



Q (Data Out) 



> 
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V|H- 
VlL- 



V| H -" 

CAS 

V|L - 



Addresses 



<ASR 
VlH- 



"M 



PAGE MODE READ CYCLE 

<RPM 



-* <AR- 



-tCSH- 



-tRCD- 



Row 
Add 



tAS 



\ 



-tRAH 
tASC 



Q (Data Out) 



VOH- 



<CAC 



vol- 



'RCS- 



::SEM 



« rtCAS> 



-tpc- 



► -*tCP> <-tCAS— *• . <-*CAS-*. < 



■'CAH- 






■tRAC- 



c 



-v 



|-*-'CAH- 
■tASC tASC- 



.Add^AA/v^.Add, 



£ 



ICAC- 



■tQFF 



-<RC 



-'RCS 



-tRSH- 



/~\_ 



-'CAH 



-tCAC- 



<OFF 



<RCH 



CK — 4 

\ 



- l CRP- 



•'RP 



:^ssss 




-'OFF 



> 



-'RCH 



KXXXS 



RAS 



::~\ 



Vih-' 

CAS 

V| L - 



<ASR 
VlH- 



Addresses 



"M 



PAGE MODE WRITE CYCLE 

• tRPM 



-tAR *- 



-*CSH- 



-*RCD- 



Row' 
Add 



V|H- 
VlL 



'WCR 

„ Vih -w* 

VlL- 



- l RAH 



m 



\ 



— tpc- 

-tCAS- 



;pr!riA-irrfcf 



-'CAH 



-'ASC 



tWCFF 



'DS' 



-'DH- 



tCWL- 



'ASC-i 



r^ 



,AddAAA/^A^AddAAA\A\Ay^Add, 



-'CAH 



tWCH < > 



xs^^c®^: 



-'DHR- 



*DS- 



-'CWL 



■♦'WP^ -*'WP>| < tDS-*J <*' wp *1 



e'wp^ 

-'DH- 



f ASC- 



-tRSH- 



*WCH. 



-tCAH 



Valid 
Data 




-tCWL' 



r'WP-i 
«« tRWL- 



-'DH- 



Valid 
Data 



tRP 
■*CRP 



;Ksmx 



:kess 
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DRAM 



PAGE MODE READ-MODIFY-WRITE CYCLE 



2 
o 



01 






CAS 



V| H .— TLI 

V|L- "C 



tCRP- 






£7 



tRAH 
tASR~* 



V|L- 



-tRCD- 



^ 



-tAR- 



-~" T "Row 3 &X r cET- 7 
.^ l Add ; ^ L Add,^ 



V|H" 
V|L-- 

V|H- 
VlL- 



l RCS->H 



-tRPM- 



/"^ 



— tPCM- 
-tCRW — 



■^ASC 



-tCAH 



•tRWD- 



-'CWD- 



tDS- 



r*- 

-tRAC — 



Q Voh- 

(Data Out) Vql-" 



HighZ 



< 



-'CWL- 



.O, 



'^£ 



-'CAC : 



-twp 



■tDH 



tOFF- 



7 



-'CRW- 



•tCP , 
f*-«CAH 

-tASC 






Valid 
Data Out 



-tRCS 
E-tCWD- 



'DS- 



-tCWL- 



J^- 1 ^ 



-H h^-j— tDH 



w m®,ms ^m5(m^^.m>m®Tm'! ; &jmm 



> — c 



-tCAC 



- l WP 



tOFF- 



'ASC- 



3! 



7 



-tRSH- 



-JCRW- 



tRWL- 



-^— 'RCS 
■tCWD- 



Valid 
Data Out 



-tCAH 



K 



tDS- 



-tCWL- 



f 



'^£ 



> — < 



-tCAC 



■twp 



*DH 



tOFF- 



-tRP 



-tCRP 



Valid 
Data Out 



y- 



^) MOTOROLA 



64K BIT DYNAMIC RAM 

The MCM6665A is a 65,536 bit, high-speed, dynamic Random- 
Access Memory. Organized as 65,536 one-bit words- and fabricated, 
using HMOS high-performance N-cnannel silicon-gate technology, this 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM6665A 
requires only eight address lines and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is don e on 
chip with address latches incorporated.. Data out is controlled by CAS 
allowing for greater system flexibility. 

Ail inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6665A incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 65,536 Words of 1 Bit 

• Single +5 V Operation (±10%) 

• Full Power Supply Range Capabilities 

• Maximum Access Time 

MCM6665A-15=150 ns 
MCM6665A-20=200 ns 

• Low Power Dissipation 

302.5 mW Maximum (Active) (MCM6665A-15) 
22 mW Maximum (Standby) 

• Three-State Data Output 

• Internal Latches for Address and Data Input 

• Early-Write Common I/O Capability 

• 16K Compatible 128-Cycle, 2 ms Refresh 

• RAS-only Refresh Mode 

• CAS Controlled Output 

• Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517) 

• Fast Page Mode Cycle Time 

• Low Soft Error Rate <0.1% per 1000 Hours (See Soft Error Testing) 







BLOCK DIAGRAM 






-*-v C c 
**-v S s 

-*■ RAS 
<-CAS 
■*■ Write, W 


A0-*- 

A1 -*» 
A2 -*■ 
A3 -*> 
A4 -> 

A5 -*■ 
A6 -*- 
A7 -*> 


Precharge 
Clock 


Memory 
Array 


CD 
-D 
O 
CJ 
CD 

Q 

c 

E 

3 
O 

u 


Memory 
Array 




o 

o 
o 

-C 

or 
■o 
c 

o 

c 
o 
o 

O) 

c 
E 

O 


CD 
01 
Q. 

s 

o 
o 

CD 
00 

X) 

■o 

< 


Row Decoder 


Row Decoder 


Memory 
Array 


Memory 
Array 










Memory 
Array 


"D 
O 

CD 
Q 

c 

E 

=3 

o 

CJ 


Memory 
Array 


■*-»■ 


■*" REFRESH* 

■*- Data In, D 

■*■ Output 
Data, Q 


Row Decoder 


Row Decoder 


Memory 
Array 


Memory 
Array 


Precharge 
Clock 




*Ref 


esh Function Available c 


jn MCM6664A 







MCM6665A 



MOS 

(N-CHANNEL, SILICON-GATE) 

65,536-BIT 

DYNAMIC RANDOM ACCESS 

MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 




PIN ASSIGNMENT 



N/C C 




12 ] A3 
11 ] A4 
10 3 A5 



PIN NAMES 

A0-A7 .Address Input 

D Data In 

Q_. . . .Data Out 

W Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vcc • • ■ • ■ Power ( + 5 V) 

Vgs Ground 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 




Rating 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to V$s 
(except Vcc> 


v in- v out 


-2 to + 7 


V 


Voltage on Vcc Supply Relative to V$s 


v C c 


- 1 to + 7 . 


V 


Operating Temperature Range 


T A 


to +70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 


Power Dissipation 


; PD 


1.0 


w 


Data Out Current 


'out 


50 


mA , 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods 
of time could affect device reliability. 



FIGURE 1 - OUTPUT LOAD 

5V 
•970!) 




"Includes Jig Capacitance 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 


1 


vss 











V 


1 


Logic 1 Voltage, All Inputs 


V|H 


2.4 


- 


Vcc+1 


V 


1 


Logic Voltage, All Inputs 


V|L 


-1.0* 


- 


0.8 


V 


1 


'The device will withstand undershoots to the -2 volt level with a maximum pulse width of 20 ns at the - 1.5 volt level. This is periodically 
sampled rather than 100% tested. 

DC CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Max 


Units 


Notes 


Vqq Power Supply Current (Standby) 


'CC2 


- 


4.0 


mA 


5 


V(x Power Supply Current 
6665A-15, tRC = 270 ns 
6665A-20, tRc = 330 ns 


•cci 


- 


55 
50 


mA 


4 


Vcc Power Supply Current During RAS only Refresh Cycles 
6665A-15, tRC = 270 ns 
6665A-20, tRC = 330 ns 


ICC3 


•- 


45 
40 


mA 


4 


Vcc Power Supply Current During Page Mode Cycle for tRAS = 10 /tsec 
6665A-15, tpc = tRp = 145 ns 
6665A-20, tpc = tRp = 200 ns 


ICC4 


- 


40 
35 


mA 


4 


Input Leakage Current (Vss^Vj n <VrX> 


•kd 


- 


10 


ma 


- 


Output Leakage Current (CAS at logic 1, Vss iV out- v CC> 


'OIL) 




10 


M 


- 


Output Logic 1 Voltage @ lout = _4 mA 


VOH 


2.4 


- 


V 


- 


Output Logic Voltage @ l out = 4 mA 


vol 


- 


0.4 


V 


- 


CAPACITANCE (f= 1.0 MHz, T A = 25°C, V C c = 5 V Periodically Sampled Rather Than 100% Tested) 


Parameter 


Symbol 


Typ 


Max 


Unit 


Notes 


Input Capacitance (A0-A7), D 


C|1 


3 


5 


pF 


7 


Input Capacitance RAS, CAS, WRITE 


C|2 


6 


8 


pF 


7 


Output Capacitance (Q), (CAS = Vm to disable output) 


CO 


5 


7 


pF 


7 



1. All voltages referenced to Vss- 

2. Vm min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and 

VlL _ 

3. An initial pause of 100 ^s is required after power-up followed by any 8 RAS cycles befc e proper device operation is guaranteed 

4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output 
open. 

5. RAS and CAS are both at a logic 1 . 

6. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input 
signals must transit between V|H and V||_ (or between V|[_ and V||-|) in a monotonic manner. 

7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= — — 
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Write, and Read-Modify-Write Cycles) 
(Full Operating Voltage and Temperature Range Unless Otherwise Noted; See Notes 2, 3, 6, and Figure 1) 



Parameter 


Symbol 


6665A-15 


6665A-20 


Units 


Notes 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRC 


270 


- 


330 


- 


ns 


8, 9 


Read Write Cycle Time 


tRWC 


280 


- 


330 


- 


ns 


8,9 


Access Time from Row Address Strobe 


tRAC 


- 


150 


- 


200 


ns 


10, 12 


Access Time from Column Address Strobe 


tCAC 


- 


75 


- 


100 


ns 


11, 12 


Output Buffer and Turn-Off Delay 


'OFF 





30 





40 


ns 


18 


Row Address Strobe Precharge Time 


tRP 


100 


- 


120 


- 


ns 


- 


Row Address Strobe Pulse Width 


tRAS 


150 


10000 


200 


10000 


ns 


- 


Column Address Strobe Pulse Width 


tCAS 


75 


10000 


100 


10000 


ns 


- 


Row to Column Strobe Lead Time 


tRCD 


30 


75 


30 


100 


ns 


13 


Row Address Setup Time 


»ASR 





- 





- 


ns 


- 


Row Address Hold Time 


tRAH 


20 


- 


25 


- 


ns 


- 


Column Address Setup Time 


l ASC 





- 





- 


ns 


- 


Column Address Hold Time 


tCAH 


35 


- 


45 


- 


ns 


- 


Column Address Hold Time Referenced to RAS 


tAR 


95 


- 


120 


- 


ns 


17 


Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


ns 


6 


Read Command Setup Time 


tRCS 





- 





- 


ns 


- 


Read Command Hold Time 


tRCH 





- 





- 


ns 


14 


Read Command Hold Time Referenced to RAS 


tRRH 





- 





- 


ns 


14 


Write Command Hold Time 


l WCH 


35 


- 


45 


- 


ns 


- 


Write Command Hold Time Referenced to RAS 


l WCR 


95 


- 


120 


- 


ns 


17 


Write Command Pulse Width 


twp 


35 


- 


45 


- 


ns 


- 


Write Command to Row Strobe Lead Time 


tRWL 


45 


- 


55 


- 


ns 


- 


Write Command to Column Strobe Lead Time 


tCWL 


45 


- 


55 


- 


ns 


- 


Data in Setup Time 


l DS 





- 





- 


ns 


15 


Data in Hold Time 


'DH 


35 


- 


45 


- 


ns 


15 


Data in Hold Time Referenced to RAS 


tDHR 


95 


- 


120 


- 


ns 


17 


Column to Row Strobe Precharge Time 


*CRP 


-10 


- 


-10 


- 


ns 


- 


RAS Hold Time 


tRSH 


75 


- 


100 


- 


ns 


- 


Refresh Period 


tRFSH 


- 


2.0 


- 


2.0 


ms 


- 


WRITE Command Setup Time 


twcs 


-10 


- 


-10 


- 


ns 


16 


CAS to WRITE Delay 


tCWD 


45 


- 


55 


- 


ns 


16 


RAS to WRITE Delay 


tRWD 


120 


- 


155 


- 


ns 


16 


CAS Hold Time 


tCSH 


150 


- 


200 


- 


ns 


- 


CAS Precharge Time (Page Mode Cycle Only) 


tCP 


60 


- 


80 


- 


ns 


- 


Page Mode Cycle Time 


'PC 


145 


- 


200 


- 


ns 


- 



8. The specifications for tRC (min), and tRVVC (min) are used only to indicate cycle time at which proper operation over the full 
temperature range (0°C<T/\<70°C) is assured. 

9. AC measurements Xj = 5.0 ns. 

10. Assumes that tRCD-tRCD (max). 

11. Assumes that tRCD-tRCD (max). 

12. Measured with a current load equivalent to 2 TTL ( - 200 iit\, +4 mA) loads and 100 pF with the data output trip points set at 
Vqh = 2.0 Vand Vql = 0.8 V. 

13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCDJmax) lim 't. then access time is controlled exclusively by tcAC- 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read- 
modify-write cycles. 

16- tyvcs. l CWD an d tRWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only; if twcS — l WCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tcwD-'CWD (min' ar| d tRWD-tRWD (min), the. cycle is read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at ac- 
cess time) is indeterminate. 

17. t A R min < t A R = tRCD + 'CAH 
tQHR min s l DHR = tRCD + tDH 
twCR min s tWCR = tRCD + twCH 

18. t ff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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TYPICAL CHARACTERISTICS 



FIGURE 2 - RAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 3 - CAS ACCESS TIME versus SUPPLY VOLTAGE 
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FIGURE 4 - RAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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FIGURE 5 - CAS ACCESS TIME versus 
AMBIENT TEMPERATURE 
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RAS, W INPUT LEVEL versus SUPPLY VOLTAGE 
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FIGURE 7 


- CAS, W INPUT LEVEL versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 
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FIGURE 9 - l C C1 SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FIGURE 10 - I CC 1 SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FIGURE 11 - led SUPPLY CURRENT 
versus AMBIENT TEMPERATURE (min t RP ) 
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FIGURE 12 - I C C1 SUPPLY CURRENT 
versus AMBIENT TEMPERATURE (min RAS) 
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FIGURE 13 - IQC2 SUPPLY CURRENT versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 



FIGURE 14 - l C C2 STANDBY CURRENT 
versus AMBIENT TEMPERATURE 
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FIGURE 15 - ICC3 SUPPLY CURRENT versus CYCLE RATE 
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FIGURE 16 - ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE 
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FIGURE 17 - DATA INPUT LEVEL versus SUPPLY VOLTAGE 
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SOFT ERROR TESTING 

The storage cell depletion regions as well as the sense 
amplifier and its associated bit lines are susceptible to charge 
collection of electrons from an alpha "hit." However, the 
susceptibility of these vulnerable regions varies. Depleted 
storage cells are vulnerable at all times, whereas the sense 
amplifiers and associated bit lines are susceptible only during 
the small portion of the memory cycle just prior to sensing. 
Hence, an increase in the frequency of dynamic RAM access 
will cause a corresponding increase in the soft error rate. 

To take this memory access dependency into account, the 
total soft error rate profile includes a cycle time component. 
The soft error rate due to bit line hits, at the system's memory 
cycle rate is added to the soft error rate due to storage cell 
hits which are not frequency dependent. Figure 18 illustrates 
the impact that frequency of access has on the 
MCM6664A/MCM6665A overall soft error rate. 

Under normal operating conditions, the die will be expos- 
ed to radiation levels of less than 0.01 alpha/.cm2/hr. Ac- 
celerated soft error testing data is generated from at least 
three high-intensity sources having an Alpha Flux Density 
range of 1 x 105 to 6x 105 (alpha/cm2hr) placed over un- 



coated die. Figure 19 shows the soft error rate for a given 
alpha flux density at a cycle rate of 100 kHz. The accelerated 
data of Figures 18 and 19 project that the soft error rate for 
package level radiation will be less than 0.1%/ 1000 hours. 

SYSTEM LIFE OPERATING TEST CONDITIONS 

1) Cycle time: T microsecond for read, write and refresh 
cycles 

2) Refresh Rate: 1 millisecond 

3) Voltage: 5.0 V 

4) Temperature: 30° C +2° C (ambient temperature inside 
enclosure) 

5) Elevation.: Approximately 620 feet above mean sea level 

6) Data Patterns: Write the entire memory space sequential- 
ly with all "1"s and then perform continuous sequential 
reads for 6 hours. Next, write the entire memory space 
with all "0"s sequentially and then perform continuous 
sequential reads for 6 hours. Next, go back to the all "1"s 
pattern and repeat the sequences all over again. 
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FIGURE 18 
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FIGURE 20 - RAS/CAS CYCLE 
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FIGURE 21 - LONG RAS/CAS CYCLE 
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FIGURE 22 - RAS ONLY CYCLE 



FIGURE 23 - PAGE MODE CYCLE 
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FIGURE 24 - FUNCTIONAL BLOCK DIAGRAM 



o 



N> 




Internal 
Row Addresses 

(A0-A6) 
Pin Numbers 
5,6,7,9,10.1'1,12,13 



A0-A7 L 



External 
Addresses 



A Ext/lnt 
V 1 Add. Mux.- 



jj Add 

V Buf. 



o> 
o> 
o> 
en 

> 



**v ss 



V B B 



DRAM 



MCM6665A 




DEVICE INITIALIZATION 

Since the 64K dynamic RAM is a single supply 5 V only 
device, the need for power supply sequencing is no longer 
required as was the case in older generation dynamic RAMs. 
On power-up an initial pause of 100 microseconds is required 
for the internal substrate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to 
initialize the various dynamic nodes internal to the device. 
During an extended inactive state of the device (greater than 
2 ms with device powered up) the wake up sequence (8 
active cycles) will be necessary to assure proper device 
operation. See Figures 25, 26 for power on characteristics of 
the RAM for two conditions (clocks active, clocks inactive). 

The row address strobe is the primary "clock" that 
activates the device and maintains the data when the RAM is 
in the standby mode. This is the main feature that distin- 
quishes it as a dynamic RAM as opposed to a static RAM. A 
dynamic RAM is placed in a low power standby mode when 
the device receives a positive-going row address strobe. The 
variation in the power dissipation of a dynamic RAM from 
the active to the standby state is an order of magnitude or 
more for NMOS devices. This feature is used to its fullest ad- 
vantage with high density mainframe memory systems, 
where only a very small percentage of the devices are in the 
active mode at any one time and the rest of the devices are in 
the standby mode. Thus, large memory systems can be 
assembled that dissipate very low power per bit compared to 
a system where all devices are active continuously. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate 8-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active 
negative) called the row address strobe and the column 



address strobe. A total of sixteen address bits will decode 
one of the 65,536 cell locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRco." which is the 
row to column strobe delay. This time interval is also referred 
to as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. 
These conditions have to be met for normal read or write 
cycles. This initial portion of the cycle accomplishes the nor- 
mal addressing of the device. There are, however, two other 
variations in addressing the64K RAM: one is called the page 
mode cycle (described later) where an 8-bit column address 
field is presented on the i nput pins and latched by the CAS 
clock, and the other is the RAS only refresh cycle (described 
later) where a 7-bit row address field is presented on the in- 
put pins and latched by the RAS clock. In the latter case, the 
most significant bit on Row Address A7 (pin 9) is not re- 
quired for refresh. See bit address map for the topology of 
the cells and their address selection. 

NORMAL READ CYCLE 

A read cycle is referred to as normal read cycle to differen- 
tiate if from a page-mode-read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a 
later section. 

The memory read cycle begins with the row addresses 
valid and the RAS clock transitioning from V|h to the V||_ 
level. The CAS clock must also make a transition from V] (_| to 
the V||_ level at the specified tRCD timing limits when the 
column addresses are latched. Both the RAS and CAS 
clocks trigger a sequence of events which are controlled by 
several delayed internal clocks. Also, these clocks are linked 
in such a manner that the access time of the device is in- 
dependent of the address multiplex window. The only 
stipulation is that the CAS clock must be active before or at 
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the tRCD max imum specification for an access (data valid) 
from the RAS clock edge to be guaranteed (tRAC'- " the 
tRCD ma ximu m condition is not met, the access (tcAC> 
from the CAS clock acti ve tr ansition will determine read ac- 
ces s time . The external CAS signal is ignored until an inter- 
nal RAS signal is available, as noted in the functional block 
diagram, Figure 24. This gating feature on the CAS clock will 
allow the external CAS signal to become active as soon as 
the row address hold time (tRAH* specification has been met 
and defines the tRCD minimum specification. The time dif- 
ference between tRCD minimum and tRCD maximum can be 
used to absorb skew delays in switching the address bus 
from row to column addresses and in generating the CAS 
clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS' period for t he RAS clo ck an d the 
minimum (tcAS' period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS 
clock is ac tive; the output will switch to th e thr ee-state mode 
when the CAS clock goes inactive. The CAS clock can re- 
main active for a maximum of 10 ns (trjRp) into the next 
cycle. To perform a read cycle, the write (W) input must be 
held at the V|h level from the time the CAS clock makes its 
active transition (tRCS' to the time when it transitions into 
the inactive (tpcH* mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (V||_ level) at or before the CAS 
clock goes active at a minimum twcs time. If the above 
condition is met, then the cycle in progress is referred to as a 
early write cycle. In an early write cycle, the write clock and 
the data in is referenced to the active transition of the CAS 
clock edge. There are two important parameters with respect 
to the write cycle: the column strobe to write lead time 
ItCWL.' and the row strobe to write lead time (tRwU- These 
define the minimum time that RAS and CAS clocks need to 
be active after the write operation has started (W clock at 
V||_ level). 

It is also possible to perform a late write cycl e. For this 
cycle the write clock is activated after the CAS goes low 
which is beyond t\/\/cs minimum time. Thus the parameters 
tCWL ar| d tRWL must be satisifed before terminating this 
cycle. The difference between an early write cycle and a late 
write cycle is that in a late write cycle the write (W) clock can 
occur m uch later in time with respect to the active transition 
of the CAS clock. This time could be as long as 10 
microseconds - [tRWL + tRp + 2Tf]. 

At the start of a write cycle, the data out is in a three-state 
condition and remains inactive throughout the cycle. The 
data out remains three-state becaus e th e active transition 
of the write (W) clock prevents the CAS clock from enabling 
the data-out buffers as noted in Functional Block Diagram. 
The three-state condition (high impedance) of the Data Out 
Pin during a write cycle can be effectively utilized in a system 
that has a common input/output bus. The only stipulation is 
that the system use only early write mode operations for all 
write cycles to avoid bus contention. 



READ-MODIFY-WRITE AND READ-WHILE-WRITE CYCLES 

As the name implies, both a read and a write cycle is ac- 
complished at a selected bit during a single access. The read- 
modify-write cycle is similar to the late write cycle discussed 
above. 

For the read-modify-write cycle a normal read cycle is in- 
itiated with the write (W) clock at the V|h level until the read 
data occurs_at the device access time (tRAC'- At this time 
the write (W) clock is asserted. The data in is setup and held 
with respect to the active edge of the write clock. The cycle 
described assumes a zero modify time between read and 
write. 

Another variation of the read-modify-write cycle is the 
read-while-write cycle. For this cycle, the following 
parameters (tRWD, tCWD' P'av an important role. A read- 
while-write cycle starts as a normal read cycle with the write 
(W) clock being asserted at minimum tRWD or minimum 
tCWD time, depending upon the application. This results in 
starting a write operation to the selected cell even before 
data out occurs. The minimum specification on tRWD and 
tCWD assures that data out does occur. In this case, the 
"data in is set up with respect to write (W) clock active edge. 

PAGE-MODE CYCLES 

Page mode operation allows faster successive data opera- 
tions at the 256 column locat ions. Page access (tcAC* ' s 
typically half the regular RAS clock access Urac> on the 
Motorola 64K dynamic RAM. Page mode operation consists 
of holding the RAS clock active while cycling the CAS clock 
to access the column locations determined by the 8-bit 
column address field. There are two controlling f actor s that 
limit the access to all 256 column locations in one RAS clock 
active operation. -These are the refresh interval of the device 
(2 ms/128=15.6 microsec onds) and the maximum active 
time specification for the RAS clock (10 microseconds). 
Since 10 microseco nds i s the smaller value, the maximum 
specification of the RAS clock on time is the limiting factor 
of the number of sequential page accesses possible. Ten 
microseconds will provide approximately (10 micro- 
seconds/page mode cycle time) 50 succe ssive page accesses 
for every row address selected before the RAS clock is reset. 

The page cycle is always initi ated w ith a row address being 
provided and latche d by the RAS clock, followed by the 
column address and CAS clock. From the timing illustrated, 
the initial cycle is a normal read or write cycle, that_h_as been 
previously described, followed by the shorter CAS cycles 
(tpc>. The CAS cycle ti me (t pc) consists of the CAS clock 
active time (tCAS*- and CAS clock precharge time (t^p) and 
two transitions. In addition to read and write cycles, a read- 
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. The page mode cycles il- 
lustrated show a series of sequential reads separated by a 
series of sequential writes. This is just one mode of opera- 
tion. In practice, any combination of read, write andread- 
modify-write cycles can be performed to suit a particular 
application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
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degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least 
once every 2 ms. This is accomplished by sequentially 
cycling through the 128 row address locations every 2 ms, or 
at least one row every 15.6 microseconds. A normal read or 
write operation to the RAM will serve to refresh all the bits 
(256) associated with that particular row decoded. 



RAS Only Refre sh - When the memory component is in 
standby the RAS only refr esh s cheme is employed. This 
refresh method performs a RAS only cycle on all 128 row 
add resse s every 2 ms. The row addresses are latched in with 
the RAS clock, and the associated inte rnal ro w locations are 
refreshed. As the heading implies, the CAS clock is not re- 
quired and should be inactive or at a V|h level to conserve 
power. 




MCM6633A 



N/C [ 14 
D [ 2 
W [ 3 

RAS I 4 
AOI 5 
A2[ 6 
A1 I 7 

V cc t 8 



16] V S S 
15 ]CAS 
14 ] Q 
13 ] A6 
12 ] A3 
11 ] A4 
10 ] A5 
9 ] A7 



PIN ASSIGNMENT COMPARISON 




REFRESH t 14 

' D[ 2 

W I 3 

RAS[ 4 

A0[ 5 

A2C 6 

A1 [ 7 

V C C £8 



JVSS 
15 ] CAS 

14 ]Q 
13 ] A6 
12 ] A3 
] A4 



] A5 
] A7 




PIN VARIATIONS 



PIN NUMBER 


MCM4116 


MCM4517 


MCM6632A 


MCM6663A 


MCM6664A 


MCM6665A 


1 


V BB I-5V) 


N/C 


REFRESH 


N/C 


REFRESH 


N/C 


8 


V DD ( + 12 V) 


VCC 


VCC 


vcc 


v cc 


vcc 


9 


V CC ( + 5V) 


N/C 


A7 


A7 


A7 


A7 
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MCM6665A BIT ADDRESS MAP 
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Advance Information 



64K BIT DYNAMIC RAM 

The MCM6665B is a 65,536-bit, high-speed, dynamic Random- 
Access Memory. It is organized as 65,536 one-bit words and fabricated 
using HMOS high-performance N-channel silicon-gate technology, and 
is a yield-enhanced version of our popular MCM6665A, featuring a 
smaller die size and redundancy. As with any new mask set revision to a 
Dynamic RAM, it is recommended that the system performance be 
reevaluated using the new memory. 

By multiplexing row- and column-address inputs, the MCM6665B 
requires only eight address lines and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is don e on 
chip with address latches incorporated. Data out is controlled by CAS 
allowing for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6665B incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 65,536 Words of 1 Bit 

• Single +5V Operation (±10%) 

• Maximum Access Time 

MCM6665BP15= 150 ns 
MCM6665BP20= 200 ns 

• Low Power Dissipation 

302.5 mW Maximum (Active) (MCM6665B-15) 
22 mW Maximum (Standby) 

• Three-State Data Output 

• Internal Latches for Address and Data Input 

• Early-Write Common I/O Capability 

• 16K Compatible 128-Cycle, 2 ms Refresh 

• RAS-only Refresh Mode 

• CAS Controlled Output 

• Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517) 

• Fast Page Mode Cycle Time 



A0-*> 

A1 -> 
A2 -» 
A3 -»• 
A4 -*■ 
A5 -»■ 
A6 -> 
A7 -*■ 


BLOCK DIAGRAM 






"*-V C c 

-*- RAS 
-*- CAS 
-*- Write, W 


Precharge 
Clock 


Memory 
Array 


CD 
"O 

o 
u 

CD 

Q 
1 

o 
o 


Memory 
Array 
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MCM6665B 



MOS 

(N-CHANNEL, SILICON-GATE) 

65,536- BIT 

DYNAMIC RANDOM ACCESS 

MEMORY 





fftfij P SUFFIX 




] 1 1 PLASTIC PACKAGE 


16 ] | |l II 
1 


1 CASE 648 



PIN ASSIGNMENT 

16]v SS 
15 ]CAS 
14 ]Q 
13] A6 
12 ] A3 
11 3 A4 . 
10] A5 
9 ] A7 




PIN NAMES 

A0-A7 Address Input 

D Data In 

Q Data Out 

W Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vqc Power ( + 5 V) 

Vss Ground 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 
(except Vcc' 


V in . V ou t 


-2 to +7 


V 


Voltage on Vqq Supply Relative to Vgs 


v C c 


- 1 to + 7 


V 


Operating Temperature Range 


TA 


to + 70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 


Power Dissipation 


PD 


1.0 


w 


Data Out Current 


'out 


50 


mA 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods 
of time could affect device reliability. 



FIGURE 1 - OUTPUT LOAD 

5V 
J970G 

-M- 



100 pF": 



"Includes Jig Capacitance 




DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 


1 


vss 











V 


1 


Logic 1 Voltage, All Inputs 


V|H 


2.4 


- 


vcc+i 


V 


1 


Logic Voltage, All Inputs 


V|L 


-1.0' 


- 


0.8 


V 


1 


"The device will withstand undershoots to the -2 volt level with a maximum pulse width of 20 ns at the - 1.5 volt level. This is periodically 
sampled rather than 100% tested. 

DC CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Max 


Units 


Notes 


Vcc Power Supply Current (Standby) 


'CC2 


- 


4.0 


mA 


5 


Vqq Power Supply Current 
6665B-15, tRC = 270 ns 
6665B-20, tRC = 330 ns 


!CC1 


- 


55 
50 


mA 


4 


Vqc Power Supply Current During RAS only Refresh Cycles 
6665B-15, tRC = 270 ns 
6665B-20, tRC = 330 ns 


to 


- 


45 
40 


mA 


4 


V CC Power Supply Current During Page Mode Cycle for tRAs = 10 jtsec 
6665B-15, tpc = tRp= 145 ns 
6665B-20, tpc = tRp = 200 ns 


! CC4 


- 


40 
35 


mA 


4 


Input Leakage Current (Vss^Vj n <Vcc> 


Nil) 


- 


10 


*A 


- 


Output Leakage Current (CAS at logic 1, Vgs^ v out-Vcc' 


'OIL) 


- 


10 


*A 


- 


Output Logic 1 Voltage @ l ou t = _ 4 mA 


VOH 


2.4 


- 


V 


- 


Output Logic Voltage (S) l out = 4 mA 


vol 


-■ 


0.4 


V 


- 


CAPACITANCE (f= 1.0 MHz, T A = 25°C, V cc = 5 V Periodically Sampled Rather Than 100% Tested) 


Parameter 


Symbol 


Typ 


Max 


Unit 


Notes 


Input Capacitance (A0-A7), D 


C|i 


3 


5 


pF 


7 


Input Capacitance RAS, CAS, WRITE 


C|2 


6 


8 


pF 


7 


Output Capacitance (Q), (CAS = V|^ to disable output) 


c 


5 


7 


PF 


7 



NOTES: 



1. All voltages referenced to V$s- 

2. V|)-| min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and 

V|L 

3. An initial pause of TOO /ts is required after power-up followed by an 8 RAS cycles before proper device operation is guaranteed. 

4. Current is a function of cycle rate and output loading; maximum current is measured at the faster cycle rate with the output open. 

5. RAS and CAS are both at a logic 1 . 

6. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals 
must transmit between Vm and V|j_ (or between Vj[_ and V|j-() in a monotonic manner. . . 

7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Write, and Read-Modify-Write Cycles) 
(Full Operating Voltage and Temperature Range Unless Otherwise Noted; See Notes 2, 3, 6, and Figure 1) 



Parameter 


Symbol 


6665B-15 


6665B-20 


Units 


Notes 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


'RC 


270 


- 


330 


- 


ns 


8, 9 


Read Write Cycle Time 


'RWC 


280 


- 


345 


-■ 


ns 


8,9 


Access Time from Row Address Strobe 


'RAC 


- 


150 


- 


200 


ns 


10, 12 


Access Time from Column Address Strobe 


'CAC 


- 


75 


- 


100 


' ns 


11, 12 


Output Buffer and Turn-Off Delay 


'OFF 





30 





40 


ns 


18 


Row Address Strobe Precharge Time 


'RP 


100 


- 


120 


- 


ns 


- 


Row Address Strobe Pulse Width 


'RAS 


150 


10000 


200 


10000 


ns 


- 


Column Address Strobe Pulse Width 


'CAS 


75 


10000 


100 


10000 


ns 


- 


Row to Column Strobe Lead Time 


'RCD 


30 


75 


35 


100 


ns 


13 


Row Address Setup Time 


'ASR 





- 





- 


ns 


- 


Row Address Hold Time 


'RAH 


20 


- 


25 


- 


ns 


- 


Column Address Setup Time 


'ASC 





- 





- 


ns 


- 


Column Address Hold Time 


'CAH 


35 


- 


45 


- 


ns 


- 


Column Address Hold Time Referenced to RAS 


'AR 


95 


- 


120 


- 


ns 


17 


Transition Time (Rise and Fall! 


'T- 


3 


50 


3 


50 


ns 


6 


Read Command Setup Time 


'RCS 


G 


- 





- 


ns 


- 


Read Command Hold Time 


'RCH 





- 





- 


ns 


14 


Read Command Hold Time Referenced to RAS 


'RRH 





- 





- 


ns 


14 ■ 


Write Command Hold Time 


'WCH 


35 


- 


45 


- 


ns 


- 


Write Command Hold Time Referenced to RAS 


'WCR 


95 


- 


,120 


- 


ns 


17 


Write Command Pulse Width 


t\A/P 


35 


- 


45 


- 


ns 


- 


Write Command to Row Strobe Lead Time 


'RWL 


45 


- 


55 


- 


ns 


- 


Write Command to Column Strobe Lead Time 


'CWL 


45 


- 


55 


- 


ns 


- 


Data in Setup Time 


'DS 





- 





- 


ns 


15 


Data in Hold Time 


'DH 


35 


- 


45 


- 


ns 


15 


Data in Hold Time Referenced to RAS 


'DHR 


95 


- 


120 




ns 


17 


Column to Row Strobe Precharge Time 


'CRP 


-10 


- 


-10 


- 


ns 


- 


RAS Hold Time 


'RSH 


75 


- 


100 


- 


ns 


- 


Refresh Period 


'RFSH 


- 


2.0 


- 


2.0 


ms 


- 


WRITE Command Setup Time 


'WCS 


-10 


- 


-10 


- 


ns 


16 


CAS to WRITE Delay 


'CWD 


45 


- 


55 


- 


ns 


16 


RAS to WRITE Delay 


'RWD 


120 


- 


155 


- 


ns 


16 


CAS Hold Time 


'CSH 


150 


- 


200 


- 


ns 


- 


CAS Precharge Time (Page Mode Cycle Only) 


'CP 


60 


- . 


80 


- 


ns 


- 


Page Mode Cycle Time ■■ 


'PC 


145 


- 


200 


- 


ns 


- 



8. The specifications for tRC (min), and tRvvc (min) are used only to indicate cycle time at which proper operation over the full 
temperature range (0°C<Ta<70°C) is assured. 

9. AC measurements tj = 5.0 ns. 

10. Assumes that tRCD-'RCD <max). 

11. Assumes that tRCD- t RCD( max '' 

12. Measured with a current load equivalent to 2 TTL (-200 ^A, +4 mA) loads and 100 pF with the data output trip points set at 
Voh = 2.0 Vand Vol = 0-8 V. 

13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if 
'RCD ' s 9 r eater than the specified tRCD' max ' limit, then access time is controlled exclusively by t^AC- 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read- 
modify-write cycles. 

16. tyycS' 'CWD anc ' 'RWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only; if twCS — 'WCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tCWD — 'CWD (min) and tRWD — 'RWD (min), the cycle is read-write cycle and the data out will 
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of .the data out (at ac- 
cess time) is indeterminate. 

17. tAR min < tAR = tRCD + 'CAH 
'DHR mir > £ 'DHR = 'RCD + 'DH 
'WCR min s 'WCR = 'RCD + 'WCH 

18. t ff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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V|H- 
V|L — 



V|H- 
VlL- 



x 



<ASR- 



V| H - 



READ CYCLE TIMING 

IRC 



-1RAS- 



-1AR- 



-'CSH- 



< Ircd »» 



3 



'RAH 



Row 
Address 



'ASC- 



':zum>m 



tRCS- 



f-'CAH- 



Column 
Address 



->RSH- 
-'CAS- 



/ \ 



1 



: mmm ?>m 



7 \_ 



-'CRP- 




tRRH-» 
'RCH 



< tCAC- »> 

-tRAC 



Q (Data Out) 



VOH- 
VOL- 



-HighZ- 



TO£ 



J- Valid V 

X Data f 



-'OFF 



■R7TS 



V|H- 
V| L - 



Xt 



ZK5 V|H ' 

VlL- 



V|H 



'ASR- 



V| L 



V|H- 
V|L — 



WRITE CYCLE TIMING 

tRC- 



-tRAS- 



-'AR- 



-<RCD- 



3 Q, 



tRAH 



Row 
Address 



nSXXSmX 



'ASC-i 



twcs 



-tWCR- 



y — \ 



-tRSH- 



-tCSH- 



Column 
Address 



-tWP' 



■<DS 



-tCAS- 



■tCA'H 



ttMOtataff mX 



-'CWL- 



r'WCH-J 



■tRWL 



-1RP *- 



-»CRP- 



J V 



-'DH- 



Valid 
Data 



-'DHR- 



:&mmrarax 



VOH- 
VOL-* 



-HighZ- 



2-35 



MCM6665B 



RAS 



V|H- 




r-^M 



V|H- 
V|L- 

'ASR 
v iH — 
VlL — 



V H- 
Q (Data Out) 

VOL- 



PAGE MODE READ CYCLE 

'RAS 



•tAR >■ 



■'CSH- 



^ 



*- 'RAH 
'ASC 



.'CAC 



tRCS- 



V| H - 



::SEOT 



■tpc- 

-+'CAS* 



r Add,A/^ r Add AAA A^r. 



► <-'CP*> ««— 'CAS-*- K -«-'CAS-»» «■ 



-'CAH 



■'RAC- 



< 



O 



k-'CAH 
■'ASC 'ASCH 



'Col 
.Add 



[*— 'CAC- 



•'OFF 



'RCH 



-'RC 



■'RCS 



.tRSH *. 



J~\- 



Col 
Add. 



-'CAH 



V 



'CAC- 



'OFF 



o* — c 



■'CRP- 



•IRP 



:fim ym%> 



■'OFF 



> 



-v 



■'RCH 



1SSS 



:r:~\ 



V|H" 
V| L - 



'ASR- 






PAGE MODE WRITE CYCLE 

'RAS 



■t A R *- 



-'CSH 



-tRCD- 



'WCR- 



V|H- 
D (Data In) 
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-IRAH 



:®j: 



^. 



j^ 
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Col 
Add 
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<-'WP> 
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P^ 
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< 'CWL-H <-<CWL H ' "<-'CWL — >\ 



f'WP> 
-'DH 



'ASC- 






■IRSH- 



'WCH-* >■ 



-'CAH 



'DS- <-H k-'DH-» 'DS-»> k— . k-'DH-*- 
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AA/ V ^ Data , ^A ^ Data ^ AA ^ DaW ^\AAAA/ 
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;ksdszx 
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R AS~-ON LY refresh cycle 
(Data-in and Write are Don't Care, CAS is HIGH) 



t'RPi 



rx 



Addresses 
A0-A6 v 



•RC- 



•IRAS- 



y 



-<RAH- 



KtASR 



■tRP *> 



\ 



:::YXTO :=^yyyyyyyyyyyyyYyyyyyyyyYA^ 




V|H-" 
V|L" 



READ-WRITE/READ-MODIFY-WRITE CYCLE 

-tRWC 



V 



-<AR- 



-'RAS- 



'RCD 



Addresses 



V|H- 
V| L - 
'ASR- 



V|H" 7 



: 0, 



tRAH 
-* H'ASO 



H-TAj^ Ro^ > /7^W C 
l- AA Address -\A/P r 



Q(DataOut) V ° H " 
VOL- 



'CSH- 
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FIGURE 2 - FUNCTIONAL BLOCK DIAGRAM 
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RRD — Redundant Row Decoders 
RC — Redundant Column elements 
RCD — Redundant Column Decoders 
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DEVICE INITIALIZATION 

Since the 64K dynamic RAM is a single supply 5 V only 
device, the need for power supply sequencing is no longer 
required as was the case in older generation dynamic RAMs. 
On power-up an initial pause of 100 microseconds is required 
for the internal substrate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to 
initialize the various dynamic nodes internal to the device. 
During an extended inactive state of the device (greater than 
2 ms with device powered up) the wake up sequence (8 
active cycles) will be necessary to assure proper device 
operation. 

The row address strobe is the primary "clock" that 
activates the device and maintains the data when the RAM is 
in the standby mode. This is the main feature that distin- 
guishes it as a dynamic RAM as opposed to a static RAM. A 
dynamic RAM is placed in a low power standby mode when 
the device receives a positive-going row address strobe. The 
variation in the power dissipation of a dynamic RAM from 
the active to the standby state is an order of magnitude or 
more for NMOS devices. This feature is used to its fullest ad- 
vantage with high density mainframe memory systems, 
where only a very small percentage of the devices are in the 
active mode at any one time and the rest of the devices are in 
the standby mode. Thus, large memory systems can be 
assembled that dissipate very low power per bit compared to 
a system where all devices are active continuously. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate 8-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active 
negative) called the row address strobe and the column 
address strobe. A total of sixteen address bits will decode 
one of the 65,536 cell locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called "tRCD-" which is the 
row to column strobe delay. This time interval is also referred 
to as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. 
These conditions have to be met for normal read or write 
cycles. This initial portion of the cycle accomplishes the nor- 
mal addressing of the device. There are, however, two other 
variations in addressing the 64K RAM: one is called the page 
mode cycle (described later) where an 8-bit column ad dress 
field is presented on the i nput pins and latched by the CAS 
clock, and the other is the RAS only refresh cycle (described 
later) where a 7-bit row ad dress field is presented on the in- 
put pins and latched by the RAS clock. In the latter case, the 
most significant bit on Row Address A7 (pin 9) is not re- 
quired for refresh. See bit address map for the topology of 
the cells and their address selection. 

NORMAL READ CYCLE 

A read cycle is referred to as normal read cycle to differen- 
tiate if from a page-mode- read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a 
later section. 

The memory read cycle begins with the row addresses 
valid and the R AS clock transitioning from V|h to the V||_ 
level. The CAS clock must also make a transition from V|h to 



the V||_ level at the specified tRCD timing limits whe n the 
column addresses are latched. Both "the RAS and CAS 
clocks trigger a sequence of events which are controlled by 
several delayed internal clocks. Also, these, clocks are linked 
in such a manner that the access time of the device is in- 
dependent of the a ddres s multiplex window. The only 
stipulation is that the CAS clock must be active before or at 
the tRCD max imum specification for an access (data valid) 
from the RAS clock edge to be guaranteed (tRAC'- " the 
tRCD m aximu m condition is. not met, the access (tQAC' 
from the CAS clock acti ve tr ansition will determine read ac- 
ces s time . The external CAS signal is ignored until an inter- 
nal RAS signal is available, as noted in the functional block 
diagram, Figure 2. This gating feature on the CAS clock will 
allow the external CAS signal to become active as soon as 
the row address hold time (tRAH' specification has been met 
and defines the tRCD minimum specification. The time dif- 
ference between tRCD minimum and tRCD maximum can be 
used to absorb skew delays in switching the address bus 
from row to column addresses and in generating the CAS 
clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS> period for t he RAS clo ck an d the 
minimum (tQAS' period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS 
clock is ac tive; the output will switch to th e thr ee-state mode 
when the CAS clock goes inactive. The CAS clock can re- 
main active for a maximum of 10 ns (tcRP> into the next 
cycle. To perform a read cycle, the wri te (W ) input must be 
held at the Vm level from the time the CAS clock makes its 
active transition (tRCS' t0 the time when it transitions into 
the inactive (tRCH> mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (V|[_ level) at or before the CAS 
clock goes active at a minimum twcs time. If the above 
condition is met, then the cycle in progress is referred to as a 
early write cycle. In an early write cycle, the write clock and 
the data in is referenced to the active transition of the CAS 
clock edge. There are two important parameters with respect 
to the write cycle: the column strobe to write lead time 
ItCWL' ar| d the row strobe to write lead time (tRWL'- These 
define the minimum time that RAS and CAS clocks need to 
be active after the write operation has started (W clock at 
V||_ level). 

It is also possible to perform a late write cycl e. For this 
cycle the write clock is activated after the CAS goes low 
which is beyond twcs minimum time. Thus the parameters 
*CWL ar| d *RWL must be satisifed before terminating this 
cycle. The difference between an early write cycle and a late 
write cycle is that in a late write cycle the write (W) clock can 
occur m uch later in time with respect to the active transition 
of the CAS clock. This time could be as long as 10 
microseconds - [tRWL + l RP + 2Ttl. 

At the start of a write cycle, the data out is in a three-state 
condition and remains inactive throughout the cycle. The 
data out remains three-state because the active transition. 
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of the write (W) clock prevents the CAS clock from enabling 
the data-out buffers as noted in Functional Block Diagram. 
The three-state condition (high impedance) of the Data Out 
Pin during a write cycle can be effectively utilized in a system 
that has a common input/ output bus. The only stipulation is 
that the system use only early write mode operations for all 
write cycles to avoid bus contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE GYLES 

As the name implies, both a read and a write cycle is ac- 
complished at a selected bit during a single access. The read- 
modify-write cycle is similar to the late write cycle discussed 
above. 

For the read-modify-write cycle a normal read cycle is in- 
itiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC'- At this time 
the write (W) clock is asserted. The data in is setup and held 
with respect to the active edge of the write clock. The cycle 
described assumes a zero modify time between read and 
write. 

Another variation of the read-modify-write cycle is the 
read-while-write . cycle. For this cycle, the following 
parameters (tRWD- tCWD' P' a Y an important role. A read- 
while-write cycle starts as a normal read cycle with the write 
(W) clock being asserted at minimum tRWD or minimum 
*CWD time ' depending upon the application. This results in 
starting a write operation to the selected cell even before 
data out occurs. The minimum specification on tRWD ancl 
tcWD assures that data out does occur. In this case, the 
data in is set up with respect to write (W) clock active edge. 

PAGE-MODE CYCLES 

Page mode operation allows faster successive data opera- 
tions at the 256 column locat ions. Page access (tcAC* ' s 
typically half the regular RAS clock access Urac' on t ne 
Motorola 64K dynam ic RAM. Page mode operation consists 
of holding the RAS clock active while cycling the CAS clock 
to access the column locations determined by the 8-bit 
column address field. There are two controlling f actor s that 
limit the access to all 256 column locations in one RAS clock 
active operation. These are the refresh interval of the device 
(2 ms/128=15.6 microseconds) and the maximum active 
time specification for the RAS clock (10 microseconds). 



Since 10 microseco nds i s the smaller value, the maximum 
specification of the RAS clock on time is the limiting factor 
of the number of sequential page accesses possible. Ten 
microseconds will provide approximately (10 micro- 
seconds/page mode cycle time) 50 succe ssive page accesses 
for every row address selected before the RAS clock is reset. 
The page cycle is always initi ated w ith a row address being 
provided and latche d by the RAS clock, followed by the 
column address and CAS clock. From the timing illustrated, 
the initial cycle is a normal read or write cycle, t hat ha s been 
previously descr ibed, followed by the shorter CAS c ycles 
(tpc). The CAS cycle ti me (t pc> consists of the CAS clock 
active time (tcAS'< an <3 CAS clock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read- 
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read- while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. The page mode cycles il- 
lustrated show a series of sequential reads separated by a 
series of sequential writes. This is just one mode of opera- 
tion. In practice, any combination of read, write and read- 
modify-write cycles can be performed to suit a particular 
application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least 
once every 2 ms. This is accomplished by sequentially 
cycling through the 128 row address locations every 2 ms, or 
at least one row every 15.6 microseconds. A normal read or 
write operation to the RAM will serve to refresh all the bits 
(256) associated with that particular row decoded. 

RAS Only Refresh — When the memory component is in 
standby the RAS only refr esh s cheme is employed. This 
refresh method performs a RAS only cycle on all 128 row 
add resse s every 2 ms. The row addresses are latched in with 
the RAS clock, and the associated inte rnal ro w locations are 
refreshed. As the heading implies, the CAS clock is not re- 
quired and should be inactive or at a Vm level to conserve 
power. 
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PIN ASSIGNMENT COMPARISON 






MCM6664A 



MCM6665B 





PIN VARIATIONS 



PIN NUMBER 


MCM4116 


MCM4517 


MCM6664A 


MCM6665B 


1 


V BB (-5V) 


N/C 


REFRESH 


N/C 


8 


V DD ( + 12 V) 


vcc 


vcc 


vcc 


9 


V CC U5V) 


N/C 


A7 


A7 
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MCM6665B BIT ADDRESS MAP 
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Product Preview 



64K BIT DYNAMIC RAM 

The MCM6665C is a 65,536-bit, high-speed, dynamic Random- 
Access Memory. Organized as 65,536 one-bit words and fabricated 
using HMOS high-performance N-channel silicon-gate technology, this 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM6665C 
requires only eight address lines and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is do ne on 
chip with address latches incorporated. Data out is controlled by CAS, 
allowing for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6665C incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 65,536 Words of 1 Bit 

• Single +5 V Operation (±10%) 

• Full Power Supply Range Capabilities 

• Maximum Access Time 

MCM6665C-12 = 120 ns 
MCM6665C-15 = 150 ns 
MCM6665C-20 = 200 ns 

• Low Power Dissipation 

• Three-State Data Output 

• Internal Latches for Address and Data Input 

• Early-Write Common I/O Capability 

• 16K Compatible 128-Cycle, 2 ms Refresh 

• RAS-only Refresh Mode 

• Hidden Refresh Available 

• CAS Controlled Ouput 

• Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517) 

• Fast Page Mode Cycle Time 

• Laser Redundancy 







BLOCK DIAGRAM 
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MCM6665C 



MOS 

(N-CHANNEL, SILICON-GATE) 

65,536-BIT 

DYNAMIC RANDOM ACCESS 

MEMORY 





P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



PIN ASSIGNMENT 




PIN NAMES 

A0-A7 Address Input 

D . .Data In 

Q_. . .'. .. .Data Out 

W . . , Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vcc ■ = Power ( + 5 V) 

Vss :..'...!. .Ground 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; 
however, it is advised that normal 
precautions be taken to avoid applica- 
tion of any voltages to this high- 
impedance circuit. 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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MCM6256 



Product Preview 



256K-BIT DYNAMIC RAM 

The MCM6256 is a 262,144 bit, high-speed, dynamic Random Access 
Memory, Organized as 262,144 one-bit words and fabricated using 
Motorola's High-performance silicon-gate MOS (HMOS) technology, 
this new single +5 volt supply dynamic RAM combines high perfor- 
mance with low cost and improved reliability. The MCM6256 has the 
capability of using redundancy and is manufactured using advanced 
direct-step on wafer photolithographic equipment. 

By multiplexing row and column address inputs, the MCM6256 re- 
quires only nine address lines and permits packaging in standard 16-pin 
300 mil wide dual-in-line packages. Complete address decoding is done 
on-c hip with address latches incorporated. Data out (Q) is controlled by 
CAS allowing greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6256 incorporates a one tra nsisto r cell design and dyn amic 
storage tech niques. In addition to the RAS-only refresh mode, a CAS 
before RAS automatic refresh is available. The MCM6256 has an ex- 
tended "page mode" feature which allows column accesses of up to 
512 bits within the selected row. 

• Organized as 262,144 Words of 1 Bit 

• Single +5 Volt Operation (±10%) 

• Maximum Access Time: 
MCM6256-10= 100 ns 
MCM6256-12= 120 ns 
MCM6256-15= 150 ns 

• Low Power Dissipation: 

70 mA maximum (Active) MCM6256-10 
4.5 mA maximum (Standby) 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• 256 Cycle, 4 ms Refresh 

• RAS-Only Refresh Mode 

• Automatic (CAS before RAS) Refresh Mode 

• Extended Page Mode Capability 

50 ns Page Access Time - MCM6256-10 
100 ns Page Cycle Time - MCM6256-10 
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CERAMIC PACKAGE 


PLASTIC PACKAGE 


CASE 690 


CASE 648 



PIN ASSIGNMENT 




PIN NAMES 

A0-A8 Address Input 

D Data In 

Q_ Data Out 

W. Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vfjc Power ( + 5 V) 

VgS Ground 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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Product Preview 



256K-BIT DYNAMIC RAM 

The MCM6257 is a 262,144 bit, high-speed, dynamic Random Access 
Memory. Organized as 262,144 one-bit words and fabricated using 
Motorola's High-performance silicon-gate MOS (HMOS) technology, 
this new single +5 volt supply dynamic RAM combines high perfor- 
mance with low cost and improved reliability. The MCM6257 has the 
capability of using redundancy and is manufactured using advanced 
direct-step on wafer photolithographic equipment. 

By multiplexing row and column address inputs, the MCM6257 re- 
quires only nine address lines and permits packaging in standard 16-pin 
300 mil wide dual-in-line packages. Complete address decoding is done 
on-c hip with address latches incorporated. Data out (Q) is controlled by 
CAS allowing greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6257 incorporates a one tra nsisto r cell design and dyn amic 
storag e tech niques. In addition to the RAS-only refresh mode, a CAS 
before RAS automatic refresh is available. Another special feature of 
the MCM6257 is nibble mode, allowing the user to serially access up to 
4 bits of data at a high data rate. Nibble mode addressing is controlled 
by the addresses on pin 1 (A8 row and A8 column). 

• Organized as 262,144 Words of 1 Bit 

• Single +5 Volt Operation (±10%) 

• Maximum Access Time: 
MCM6257-10=100 ns 
MCM6257-12=120 ns 
MCM6257-15=150 ns 

• Low Power Dissipation: 

70 mA maximum (Active) MCM6257-10 
4.5 mA maximum (Standby) 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• 256 Cycle, 4 ms Refresh 

• RAS-Only Refresh Mode 

• Automatic (CAS before RAS) Refresh Mode 

• Fast Nibble Mode on Read and Write Cycles 
20 ns Access Time 

50 ns Cycle Time 
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CERAMIC PACKAGE 
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PIN ASSIGNMENT 




A8C 


Ti^He 


' V SS 




Dt 


2 : 15 


3 CAS 
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3 14 
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4 13 


] A6 
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5 12 
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6 11 
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8 9 
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PIN NAMES 




A0-A8 






D 


Data In 




Q 


Data Out 


W..,. 


.... Read/Write Input 




RAS.. 


Row Address Strobe 






CAS.. 


Column Address Strobe 






vcc-- 


Power ( + 5 V) 






VSS-- 


Ground 













This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 




Rating 


Symbol 


Value 


Unit 


Voltage on Any Pin Relative to Vss 


v cc. 

Vin. Vout 


- 1 to + 7 


V 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature (Ceramic) 


T stg1 


-65 to +150 


°C 


Storage Temperature (Plastic) 


T stg2 


-55 to +125 


°c 


Power Dissipation 


PD 


1.0 


w 


Data Out Current (Short Circuit) 


'out 


. 50 


niA 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 



FIGURE 1 - OUTPUT LOAD 

5V 




Includes Jig Capacitance 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage MCM6257-10, -12, -15 


VCC 

vss 


4.5 



5.0 



5.5 



V 
V 


1 
1 


Logic 1 Voltage, All Inputs 


V|H 


2.4 


- 


Vcc+1 


V 


1 


Logic Voltage, All Inputs 


V|L 


-1.0 


- 


0.8 


V 


1 



DC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Units 


Notes 


^CC Power Supply Current 
MCM6257-10, tRC = 200 ns 
MCM6257-12, tRC = 230 ns 
MCM6257-15, t R c = 260 ns 


'cci 


- 


70 
65 
.57 


mA 


4 


Vcc Power Supply Current (Output Not Loaded) 
Standby 


! CC2 


_ 


4.5 


mA 


5 


Vcc Power Supply Current During RAS only Refresh Cycles 
MCM6257-10, t RC = 200 ns 
MCM6257-12, t RC = 230 ns 
MCM6257-15, t RC = 260 ns 


ICC3 


- 


60 
55 
50 


mA 


4 


VCC Power Supply Current During Automatic (CAS Before RAS) Refresh 
MCM6257-10, t RC = 200 ns 
MCM6257-12, t R c = 230 ns 
MCM6257-15, t RC = 260 ns 


!CC4 


- 


65 
60 
55 


mA 


4 


VqC Power Supply Current During Nibble Mode 
MCM6257-10, tNC = 50 ns 
MCM6257-12, tNC = 65 ns 
MCM6257-15, t N c = 80 ns 


! CC5 


- 


25 
23 
20 


mA 


4 


Input Leakage Current (Vss^Vj n sVcc) (Any Input) 


'l(L) 


- 


10 


„A 


- 


Output Leakage Current (CAS at logic 1, 0<V ou t£5.5) 


'OIL) 


- 


10 


M A 


- 


Output Logic 1 Voltage @ l ut = ~5 mA 


VOH 


2.4 


- 


V 


- 


Output Logic Voltage @ lout = 4 - 2 mA 


vol 


- 


0.4 


V 


- 


CAPACITANCE (f=1.0 MHz, T A = 25 C C, V C c = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 


Symbol 


Typ 


Max 


Unit 


Notes 


Input Capacitance (A0-A8), D 


C|1 


- 


7 


PF 


7 


Input Capacitance RAS, CAS, WRITE 


C|2 


- 


10 


pF 


7 


Output Capacitance (Q), (CAS = V|h to disable output) 


e 


- 


7 


PF 


7 
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Read Cycles) 
(Full operating voltage and temperature range unless otherwise noted. See Notes 2, 3, 6, and Figure 1) 



READ CYCLE 



Parameter 


Symbol 


MCM6257-10 


MCM6257-12 


MCM6257-15 


Units 


Notes 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Random Read or Write Cycle Time 


tRELREL 


■ l RC 


210 


- 


230 


- 


260 


- 


ns 


8,9 


Access Time from Row Address Strobe 


tRELQV 


tRAC 


- 


100 


- 


120 


- 


150 


ns 


10, 12 


Access Time from Column Address Strobe 


tCELQV 


tCAC 


- 


50 


- 


60 


- 


75 


ns 


11, 12 


Row Address Strobe Pulse Width 


l RELREH 


tRAS 


.110 


10000 


120 


10000 


150 


10000 


ns 


- 


Column Address Strobe Pulse Width 


tCELCEH 


tCAS 


60 


10000 


60 


10000 


75 


10000 


ns 


- 


Refresh Period 


tRVRV 


tRFSH : 


- 


4 


- 


4 


- 


4 


ms 


- 


Row Address Strobe Precharge Time 


tREHREL 


*RP 


90 


- 


100 


- 


100 


- 


ns 


- 


Column to Row Strobe Precharge Time 


tCEHREL 


l CRP 


15 


-■■"■ 


20 


- •• 


20 


- 


ns 


- 


Row to Column Strobe Lead Time 


tRELCEL 


•■ l RCD ■ 


20 


50 


22 


60 


25 


75 


ns 


13 


RAS Hold Time 


tCELREH 


l RSH 


60 


- 


60 


- 


75 


- 


ns 


- 


CAS Hold Time 


tRELCEH 


l CSH 


'100 


- 


120 


- 


150 


- 


ns 


- 


Row Address Setup Time 


tAVREL 


*ASR 





- 





- 





- 


ns 


- 


Row Address Hold Time 


tRELAX 


tRAH 


10. 


- 


12 


- 


15 


- 


ns 


- 


Column Address Setup Time 


tAVCEL 


tASC 





- 





- 





- 


ns 


- 


Column Address Hold Time 


tCELAX 


*CAH 


15 


- 


20 


- 


25 


- 


ns 


- 


Transition Time (Rise and Fall) 


tT 


tT 


3 


50 


3 


50 


3 


50 


ns 


2 


Read Command Setup Time 


tWHCEL 


l RCS 





- 





- 





- 


ns 


- 


Read Command Hold Time 


tCEHWX 


l RCH 





- 





- 





- 


ns 


14 


Read Command Hold Time Referenced to RAS 


tREHWX 


l RRH 


20 


- 


20 


- 


20 


- 


ns 


14 


Output Buffer and Turn-Off Delay 


l CEHQZ 


tOFF 





25 





30 





30 


ns 


17 




lAt 
AV 



NOTES: 1. All voltages referenced to Vgs- 

2. V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and 

V 'L- .__ 

3. An initial pause of 200 jts is required after power-up followed by any 8 RAS c ycles before proper device operation guaranteed. 
To ensure proper initialization of the internal refresh counter, a minimum of 8 CAS-before-RAS refresh cycles is required. 

4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output 
open. 

5. RAS and CAS are both at a logic 1 . 

6. The transition time specification applies for input signals. In addition to meeting the transition rate specification, all input 
signals must transit. between V|h and V|[_ (or between V||_ and V|(-|) in a monotonic manner. 

7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 

8. The specifications for tpjc (min), tRwc ' min '. ar| d nibble cycle time (t|\jc' are used only to indicate cycle time at which proper 
operation over the full temperature range (0°C<Ta<70°C) is assured. 

9. AC measurements are made with tj = 5.0 ns. 

10. Assumes that tRCD — *RCD (max). If tRCQ is greater than the maximum recommended value shown in this table, tRAC exceeds 
the value shown. 

11. Assumes that tRCD>tRCD < max '- 

12. Measured with a current load equivalent to 2 TTL (-200/tA, +4 mA) loads and 100 pF (Voh = 2.0 V, Vol=0.8 V). 

13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only, if 
tRCD ' s greater than the specified tRCD (max) limit, then access time is controlled by tcAC- 

14. Either tRRH or tRCH must be satis fied f or a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read- 
modify-write cycles. 

16- ty\/Q5 and Iq\ND are n °t restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if 
l WCS — tyVCS (min), the cycle is an early write cycle and, the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD — l CWD (min), the cycle is read-write cycle and the data out will contain data read from the selected cell; 
if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

17. t ff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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Eas 



V|H- 
V| L - 



V|H" 
V|L" 



Q (Data Out) 



\ 



*ASR- 



V|H- 
V|L" 



V|H" 
V|L- 



READ CYCLE TIMING 

tRC — 



-tRAS- 



-tCSH- 



-<RCD *» 



W 



tRAH 



Row 
Address 



'ASC- 



ssw 



l RCS- 



-tRSH- 
-tCAS- 



/ \ 



L 



-tCAHH 



Column 
Address 



yMMMo ym 



•*. l RP — -> 



7 



-tCR'P- 



V 



tRRH-* 
tRCH 



-tCAC- 



-tRAC- 



VOH- 
VOL- 



■HighZ- 



TO£ 



C Valid V 

Data / 



-tOFF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Write and Read-Modify-Write Cycles) 
(Full operating voltage and temperature range unless otherwise noted. See Notes 2, 3, 6, and Figure 1) 



WRITE CYCLE 



Parameter 


Symbol 


MCM6257-10 


MCM6257-12 


MCM6257-15 


Units 


Note 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Write Command Setup Time 


tWLCEL 


twcs 





- 


.0 


- 





- 


ns 


16 


Write Command Hold Time 


l CELWH 


*WCH 


15 


- 


20 


- 


25 


- 


ns 


- 


Write Command Pulse Width 


l WLWH 


twp 


15 


- 


20 


- 


25 


- 


ns 


- 


Write Command to Row Strobe Lead Time 


tWLREH 


tRWL 


40 


- 


50 


- 


60 


- 


ns 


- 


Write Command to Column Strobe Lead Time 


tyVLCEH 


*CWL 


20 


- 


30 


- 


40 


- 


ns 


- 


Data in Setup Time 


tDVCEL 


tDS 





- 





- 





- 


ns 


15 


Data in Hold Time 


tCELDX 


'DH 


15 


- 


20 


- 


25 




ns 


15 


READ-MODIFY-WRITE CYCLE 


Parameter 


Symbol 


MCM6257-10 


MCM6257-12 


MCM6257-15 


Unit 


Note 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Read-Modify-Write Cycle Time 


tRELREL 


tRWC 


210 


- 


230 


- 


260 


- 


ns 


8,9 


CAS to WRITE Delay 


tCELWL 


tCWD 


15 


- 


20 


- 


25 


- 


ns 


16 


RMW Cycle RAS Pulse Width 


tRELREH 


tRRW 


110 


10000 


120 


10000 


150 


10000 


ns 


- 


RMW Cycle CAS Pulse Width 


l CELCEH 


tCRW 


60 


10000 


60 


10000 


75 


10000 


ns 


- 
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RAS 



CAS 



V|H- 
V|L" 



V|H- 



\ 



tASR--* — »J 



VlH-V 



::m: 



EARLY WRITE CYCLE 

tRC 



•tRAS- 



■'RCD- 



■tRAH" 



Row 
Address 



\ 



m 



tASC- 



l WCS- 



^MMk 



< — » i< — *> 



-tCSH- 



tRSH- 



■'RWL 



■tCAS- 



■tCWL 



-* tCAH 



Column 
Address 



tyvp 



- rxxxxxxx^i 



E-tDS-*" 



•tWCH 



y= 



tRP > 



< tCRP- 



\ 



:^ 





. /yxyyyyyyyyyyyyy) 



■'DH »» 



Valid 
Data 



lEXXXXXXXXXmX 



V H- 
VQL-" 



■ High Z • 



V|H" 
V| L - 



\ 



V|H-" 
VlL- 



tASR" 



V|H ~VV\? C 



READ-MODIFY-WRITE OR LATE WRITE CYCLE 

tRWC 



•tRRW- 



¥ 



•tRCD — 



X 



■tRAH- 



'ASC 



n: 



■*CSH- 



-tRSH- 



<CWD 



tCRW- 



-tRWL • 



tCAH- 



-*CWL- 



■tRp- 



< l CRP > 



\ 



y 



i mymx mmm 



Row 
Address 



Column 
Address 



V|H-" 
V|L~ 




l RCS- 



■ twp- 



x ^xxxxx xxxmyy: 



l DS 



V|H-' 



::<xxx xxxxxxxx) i: 



■*DH- 



IISESSEXES 



V| L -_ 



Valid 
Data 



-tCAC->> 
-tRAC >■ 



VOH- 
VOL- 



■ HighZ. 



tOFF- 



c 



Valid 
Data 



> 
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Refresh Cycles) 
(Full Operating Voltage and Temperature Range Unless Otherwise Noted.) 



REFRESH CYCLE 




1 


Symbol 


MCM6257-10 


MCM6257-12 


MCM6257-15 


Unit 


1 Parameter 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


| Column Address Strobe Setup. Time for Auto Refresh 


tCELREL 


tCSR 


20 


- 


25 


- 


30 


- 


ns 


| Column Address Strobe Hold Time for Auto Refresh 


tRELCEH 


*CHR 


20 


- 


25 


- 


30 


- 


ns 


| Precharge to CAS Active Time . . . 


tREHCEL 


tRPC 


20 


- 


20 


- 


20 


- 


ns 


| CAS Precharge Time Before, Automatic Refresh Cycle 


tCEHCEL 


tCPR 


20 


- 


25 


- 


30 


- 


ns 



RAS ONLY REFRESH CYCLE 

(CAS = V|H, D and W are Don't Care) 



RAS 



Address 



V|H- 
V|L" 



V|H 
V|L 



-SXI 



Q (Data Out) 



VOL-_ 
VOH- 



\ 



-tRAS- 



-tRC- 



tASR-K*- -*- — l RAH- 



Row 
Address 



H h* — l RP > 



: *xxxxx>caaaaas3ssss 



■HighZ 



Q (Data Out) 



V|H" 
V|L- 



V|H- : 
V| L - 

VOH^ 

vol- 



J 



'RPC \ < > • 



AUTOMATIC <CAS BEFORE RAS) REFRESH CYCLE 
(D and W are Don't Care) 



■tRP- 



JTX 



'CPR 



-<CSR-»" «* 



\ 



-tRC- 



-tRAS- 



•'CHR- 



■ High Z ■ 



/ 



f 
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V|H" 
V|L" 



CAS 


■V|H 




VlL 




V| H 


Address 


VlL 


W 


V|H 




VlL 


Q (Data Out) 


VOH 



\ 



VOL- 



tASR- 



<RAH 



'ASC- » 

::3SE!: 



HIDDEN REFRESH CYCLE 

'RC 



Read Cycle 



-IRAS' 



-*— 'RCD- 



\ 



::3EE r 



••rcs^ 



■tRSH- 



■tCAH 



'RRH- 



■tCAS- 



3 C CAS Before RAS JF ^ 

\. Refresh Cycle ./ \ 

< tRAS >| \<— l RP > 

► ^-t RP ->. <— t CH R-> u- tCRP *. 






*m wmmy ®mzi 



vxwxyygmm: 



-'CAC-»- 
■tRAC *• 



■HighZ- 



<OFF- 




< 



Valid 
Data 



> 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Nibble Mode Cycle) 
(Full Operating Voltage and Temperature Range Unless Otherwise Noted.) 



NIBBLE MODE CYCLE 



Parameter 


Symbol 


MCM6257-10 


MCM6257-12 


MCM6257-15 


Unit 


Notes 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Nibble Mode Cycle Time 


tCELCEL 


*NC 


50 


- 


65 


- 


80 


- 


ns 


8,9 


Nibble Mode Access Time 


tCELQV 


*NAC 




20 


- 


30 


• - 


40 


ns 


12 


Nibble Mode Setup Time (CAS Pulse Width) 


l CELCEH 


tNAS 


20 


- 


30 


- 


40 


- 


ns 


- 


Nibble Mode Precharge Time 


l CEHCEL 


tNP 


20 


- 


25 


- 


30 


- 


ns 


- 


Nibble Mode RAS Hold Time 


l CELREH 


tNRSH 


20 


- 


30 


- 


40 


- 


ns 


- 


Nibble Mode CAS Hold Time 


tREHCEX 


tNCSH 


20 


- 


20 


- 


20 


- 


ns 


- 


Nibble Mode WRITE to CAS Lead Time 


l WLCEH 


l NCWL 


20 


- 


30 


- 


40 


- 


ns 


- 


Nibble Mode Write RAS Hold Time 


tCELREH 


'NWRH 


40 


- 


50 


- 


60 


- 


ns 


- 
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NIBBLE MODE READ CYCLE* 




<ASR*| 

'RAH 



K 






<ASC 

< *■ 



X 



imKmmmvmKx'mYmzim)^ 



V H- 
QlDataOutl Vql- 



/ 



\^f v^' w 



J~ Valid \ 1 C Valid \ 

* r Daia / S. Data / 



'NRSH 
'NAS- 



r^ 



C Valid V T C Vald \_ 
Dala / V Data / 



^X 



•Pin 1 at Row Time and Column Time Determine the Starting Address of the Nibble Cycle 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 



\ 



V|H" 
V|L- 



HJ'rrL*- 

A 



'RAH 
<ASR+*-*l I 'CAH 



/„- AA/ .Ad, 



-*l 



Y 



n 



iwcs 

I 

'DS {■ * » 



■«- ::: Ym? i: 



r^-^f^^f 



Colur 
Address 



<WCR >\ t w CH' 

<WCH— H 'WCS 



r~ I" — — 'wp *■ le-iWR^ ' |e-twp-> r ■« 




<NAS-< *■ 



i mmzmmm m 




+tNP* * 'NAS H |"S > 



tNWRH >■ 



i wxm w 



- ^mk 



^^3- ~d vvwv 

■ A/S- Data AAAAA 



VOL- 
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NIBBLE MODE READ-MODIFY-WRITE CYCLE 



V|L 



VlL 



V|H- 
V|L 



^ 



tASR 



-tRAS- 



<RCD 



-'CSH 

< 'CAS- 



<ASC 
tRAH 



«CAH 



L )9L Add°es S ^, Add u r s , $XXXXXXXXX^ (XXXXXXXXXXXXXX XXXXX 



«RCS 



:s» 



V|H 
VlL 



*ds 



\ f-^Ljr^J~^^rm 



<NAS 

K »■ 



tNCWL 



'NWRH 



*- l CRP-> 



«NCSH 




«DH 



VOH 

vol 



<CAC 
tRAC — *■ 



tyvp 



l DS 

•*-H 




\/XTOl [ fWA /M^ M 



YYYWYYYY valid \PY Valid J sAY Val,d W Valid V7W 

l AAAAAAV\A- Df _ K/) \ °f M X °f A ^ A Data ^AA 



<OFF tNAC 



r 



twP 

\ < > 



— *l k» 'OFF ^___^ ^_^^^^ 

Valid 3 C 3 - Valid A / Valid \ / Valid \ 

Date .< 3 r Data _l \ Data / \ Data / 



DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator pump to establish 
the correct bias voltage. This is to be followed by a minimum 
of eight active cycles of the row address strobe (clock) to 
initialize the various dynamic nodes internal to the device. 
During an extended inactive state of the device (greater than 
4 ms with device powered up) the wake up sequence (8 
active cycles) will be necessary to assure proper device 
operation. 

The row address strobe is the primary "clock" that 
activates the device and maintains the data when the RAM is 
in the standby mode. This is the main feature that distin- 
guishes it as a dynamic RAM as opposed to a static RAM. A 
dynamic RAM is placed in a low power standby mode when 
the device receives a positive going row address strobe. The 
variation in the power dissipation of a dynamic RAM from 
the active to the standby state is an order of magnitude or 
more for NMOS devices. This feature is used to its fullest 
advantage with high density mainframe memory systems, 
where only a very small percentage of the devices are in the 
active mode at any one time and the rest of the devices are in 
the standby mode. Thus, large memory systems can be 
assembled that dissipate very low power per bit compared to 
a system where all devices are active continuously. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 



with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active nega- 
tive) called the row address strobe ( R AS) and the column ad- 
dress strobe (CAS). A total of eighteen address bits will 
decode one of the 262,144 cell locations in the device. The 
column address strobe follows the row address strobe by a 
specified minimum and maximum time called "tRCD'" 
which is the row to column strobe delay. This time interval is 
also referred to as the multiplex window which gives flexibili- 
ty to a system designer to set up his external addresses into 
the RAM. These conditions have to be met for normal read 
or write cycles. This initial portion of the cycle accomplishes 
the normal addressing of the device. There are, however, 
two oth er va riations in addressing the 256K RAM, one is call- 
ed the RAS only refresh cycle (described later) where an 
8-bit row ad dress field is presented on the input pins and lat- 
ched by the RAS clock. The most significant bit on Row Ad- 
dress A8 (pin 1) is not required for refresh. The other varia- 
tion, which is called nibble mode, allows the user to address 
up to 4 bits of data (serially) at a very high data rate. (See 
NIBBLE MODE CYCLES section.) 



READ CYCLE 

A read cycle is referred to as a normal read cycle to 
differentiate it from a nibble mode read cycle, a read-while- 
write cycle, and read-modify-write cycle which are covered 
in a later section. 
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The memory read cycle begins with the row addresses 
valid and the RAS clock transitioning from V|(-| to the V||_ 
level. The CAS clock must also make a transition from V|h to 
the V||_ level at the specified tRCD timing limits whe n the 
column addresses are latched. Both the RAS and CAS 
clocks trigger a sequence of events which are controlled by 
several delayed internal clocks. Also, these clocks are linked 
in such a manner that the access time of the device is in- 
dependent of the addr ess multiplex window. The only stipu- 
lation is that the CAS clock must be active before or at the 
*RC D ma ximum specification for an access (data valid) from 
the RAS clock edge to be guaranteed (tRAC>- 'f the tRCD 
maxi mum condition is not met, the access (tcAC' f rorri the 
CAS clock ac tive t ransition will determine read access time. 
The external CAS signal is ignored until an inte rnal RAS 
signal is available. This gating feature on the CAS clock will 
allow the external CAS signal to become active as soon as 
the row address hold time (tRAH> specification has been met 
and defines the tRCD minimum specification. The time dif- 
ference between tRCD minimum and tRCD maximum can be 
used to absorb skew delays in switching the address bus 
from row to column addresses and in generating the CAS 
clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS> period for t he RAS clo ck an d the 
minimum (tQAS' period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS 
clock is a ctive; the output will switch to the three-state mode 
when the CAS clock goes inactive. To perform a read cycle, 
the writ e (W) input must be held at the V||-| level from the 
time the CAS clock makes its active transition Urcs' to the 
time when it transitions into the inactive (tRCH' mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 

(W) clock must go active (V|[_ level) at or before the CAS 
clock goes active at a minimum twcs time. If the above 
condition is met, then the cycle in progress is referred to as a 
early write cycle. In an early write cycle, the write cloc k and 
the data in is referenced to the active transition of the CAS 
clock edge. There are two important parameters with respect 
to the write cycle: the column strobe to write lead time 
(tcwiJ ar) d the row strobe to write lead time (tRWL>- These 
define the minimum time that RAS and CAS clocks need to 
be active after the write operation has started (W clock at 
V||_ level). 

It is also possible to perform a late write cycle . For this 
cycle the write clock is activated after the CAS goes low 
which is beyond twcs minimum time. Thus the parameters 
tCWL ar) d tRWL mus t be satisfied before terminating this 
cycle. The difference between an early write cycle and a late 
write cycle is that in a late write cycle the write (W) clock can 



occur much later in time with respect to the active transition 
of the CAS clock. This time could be as long as 10 micro- 
seconds - [tRWL + tRP + 2TtJ. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state becaus e the active 
transition of the write (W) clock prevents the CAS clock 
from enabling the data-out buffers. The three-state condi- 
tion (high impedance) of the data out pin during a write cycle 
can be effectively utilized in systems that have a common in- 
put/output bus. The only stipulation is that the system use 
only early write mode operations for all write cycles to avoid 
bus contention. 

READ-MODIFY-WRITE AND 
READ-WHILE-WRITE CYCLES 

As the name implies, both a read and a write cycle is ac- 
complished at a selected bit during a single access. The read- 
modify-write cycle is similar to the late write cycle discussed 
above. 

For the read-modify-write cycle a normal read cycle is in- 
itiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC'- At this time 
the write (W) clock is asserted. The data in is setup and held 
with respect to the active edge of the write clock. The cycle 
described assumes a zero modify time between read and 
write. 

Another variation of the read-modify-write cycle is the 
read-while-write cycle. For this cycle, tQWD P |avs an impor- 
tant role. A read-wh ile-w rite cycle starts as a normal read cy- 
cle with the write (W) clock being asserted at minimum 
tCWD time, depending upon the application. This results in 
starting a write operation to the selected cell even before 
data out occurs. The minimum specification on trjwD 
assures that data out does occur. In this case, the data in is 
set up with respect to write (W) clock active edge. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least 
once every 4 ms. This is accomplished by sequentially cycl- 
ing through the 256 row address locations every 4 ms, (i.e, at 
least one row every 15.6 microseconds like the 64K dynamic 
RAM). A normal read or write operation to the RAM will 
serve to refresh all the bits (1024) associated with that par- 
ticular row decoded. 

RAS-Only Refresh — One method to ensure data reten- 
tion is to employ the RAS-only refresh schem e. In this 
refresh method, the system must perform a RAS-only cycle 
or all 256 row addr esses every 4 ms. The row addresses are 
latched in with the RAS clock, and the associated int erna l 
row locations are refreshed. As the heading implies, the CAS 
clock is not required and must be inactive or at a V|h level. 
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AUTOMATIC (CAS BEFORE RAS) REFRESH 

This refresh cycle is initiated when RAS falls, after CAS 
has been low (by tcSR>- This activates the internal refresh 
counter which generates the address to be refreshed. Exter- 
nally applied addresses are ignored during the automatic 
refresh cycle. If the output buffer was off before the 
automatic refresh cycle, the output will stay in the high im- 
pedence state. If the output was enabled by CAS in the 
previous cycle, the data out will be m aintained during the 
automatic refresh cycle as long as CAS is held active (hidden 
refresh) . 



NIBBLE MODE CYCLES 

Nibble Mode Operation allows faster successive data 
operation on 4 bits. The first of 4 bits is accessed in the usual 
manner wi th re ad data coming out at tQAC t' me - By keeping 
RAS low, CAS can be cycled up and then down, to read or 



write the next three pages at a high data rate (faster than 
tCAC>- R° w ar) d column addresses need only be supplied for 
the f irst access of the cycle. From then on, the falling edge of 
CAS will activate the next bit. After four bits have been ac- 
cessed, the next bit will be the same as the first bit accessed 
(wrap-around method). 



c 



[0,0]*[0,1]-[1,0]-[1,1] 



3 



Pin one (A8) determines the starting point of the circular 
4-bit nibble. Row A8 and Column A8 provide the two binary 
bits needed to select one of four bits. The user can start the 
nibble mode at any one of the four bits, from then on, suc- 
cessive bits come out in a binary fashion; 00*01 -*-10-«-11 
with Row A8 being the least significant address. 

A nibble cycle can be a read, write, or late write cycle. Any 
combinations of reads and writes or late writes will be allow- 
ed. In addition, the circular wrap-around will continue for as 
long as RAS is kept low. 
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MCM6810 



128 x 8-BIT STATIC RANDOM ACCESS MEMORY 

The MCM6810 is a byte-organized memory designed for use in bus- 
organized systems. It is fabricated with N-channel silicon-gate 
technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and needs no clocks or 
refreshing because of static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing random storage in byte increments. Memory expansion is 
provided through multiple Chip Select inputs. 

• Organized as 128 Bytes of 8 Bits 

• ' Static Operation 

• Bidirectional Three-State Data Input/Output 

• Six Chip Select Inputs (Four Active Low, Two Active High) 

• Single 5-Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 450 ns - MCM6810 

360 ns - MCM68A10 
250 ns - MCM68B10 







ORDERING INFORMATION 








Package Type 


Frequency (MHz) 


Temperature 


Order Number 




Ceramic 
L Suffix 


1.0 
1.0 
1.5 
1.5 
2.0 


0°C to70°C 
-40°C to85°C 

0°C to 70°C 
-40°C to85°C 

0°C to 70°C 


MCM6810L 

MCM6810CL 

MCM68A10L 

MCM68A10CL 

MCM68810L 


Plastic 
P Suffix 


1.0 
1.0 
1.5 
1.5 
2.0 


0°C to 70°C 
-40°C to85°C 

0°C to 70°C 
-40°C to85°C 

0°C to70°C 


MCM6810P 

MCM6810CP 

MCM68A10P 

MCM68A10CP 

MCM68B10P 


Cerdip 
S Suffix 


1.0 
1.0 
1.5 
1.5 
2.0 


0°C to 70°C 
-40°C to85°C 

0°C to70°C 
-40 C C to85°C 

0°C to 70°C 


MCM6810S 

MCM6810CS 

MCM68A10S 

MCM68A10CS 

MCM68B10S 













MOS 

(N-CHANNEL, SILICON-GATE) 

128 x 8-BIT STATIC 

RANDOM ACCESS 

MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 




L SUFFIX 

CERAMIC PACKAGE 
CASE 716 




S SUFFIX 

CERDIP PACKAGE 
CASE 623 



GND[ 1 • 
■D0[ 
D1;[ 
D2[ 
D3[ 
D4[ 
D5[ 
D6C 
D7[ 

cso[ 

CS1[ 
CS2[ 



PIN ASSIGNMENT 



Ivcc 

]A0 
]A1 
]A2 
]A3 
]A4 
]A5 
]A6 
]R/W 
]CS5 
]CS4 
13 ]CS3 




3-3 



MCM6810 



MCM6810 RANDOM ACCESS MEMORY 
BLOCK DIAGRAM 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 




Memory 

Matrix 

(128 X 8) 




Data 
Buffers 


Data 
Bus 


I 




I 


I 




Selection 

and Control 












I 

Memory Addre 
and Control 


ss 





MAXIMUM RATINGS 



MC6800 
Microprocessor 






, 


I 












Read Only 
Memory 






i 
























MCM6810 
Random 
Access 
Memory 




„. 
























Interface 
Adapter 




'' 




























I nterf ace 
Adapter 




Modem 


'" 








' 




* 


\ 


r 









Address Data 
Bus Bus 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


-0.3 to +7.0 


V 


Operating Temperature Range 

MCM6810, MCM68A10, MCM68B10 
MCM6810C, MCM68A10C 


TA 


TL to T H 
to + 70 
-40 to +85 


°c 


Storage Temperature Range 


T stg 


-65 to + 150 


°c 


THERMAL CHARACTERISTICS 


Characteristics 


Symbol 


Value 


Unit 


Thermal Resistance 
Ceramic 
Plastic 
Cerdip 


9JA 


60 
120 
65 


°c/w 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high impedance circuit. Reliability of 
operation is enhanced if unused inputs are tied to 
an appropriate logic voltage (e.g., either V$s or 

v C c>- 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj = T A +(PD-*JA> id 

Where: 
T/\ = Ambient Temperature, °C 

0JA — Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD = P|NT+PP0RT . 

P|NT s ICCXVcC' Watts - Chip Internal Power 
PpQPj = Port Power Dissipation, Watts — User Determined 
For most applications PpORT"^P|NT and can be neglected. PpORT m ay become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Tj (if PpoRT is neglected) is: 

PD=K-r<Tj + 273°C) (2) 

Solving equations 1 and 2 for K gives: 

K = P D »(T A + 273°C) + 0ja , Pd 2 (3) 

Where. K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pq (at equilibrium) 
for a known T A . Using this value of K the values of Pp and Tj can be obtained by solving equations ( 1 ) and (2) iteratively for any 
value of T A - 
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BLOCK DIAGRAM 




csi 11 ' r 

cso 10 — T/ 0- ^ 



16 Read/Write 



DC ELECTRICAL CHARACTERISTICS (V C c = 5.0 Vdc ±5%, Vss = 0, T A =T L to T H unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Input High Voltage 


V|H 


Vss + 2.0 


v C c 


V 


Input Low Voltage 


V|L 


Vss-0.3 


Vss + 0.8 


V 


Input Current (A n , R/W, CS n ) (V in = to 5.25 V) 


"in 


- 


2.5 


liA 


Output High Voltage (Ioh= ~ 205 M A > 


VOH 


2.4 


- 


V 


Output Low Voltage (Iql= 1 - 6 mA ' 


vol 


- 


0.4 


V 


Output Leakage Current (Three-State) (CS = 0.8 V or CS = 2.0 V, V out = 0.4 V to 2.4 V) 


itsi 


- 


10 


HA 


Supply Current 1.0 MHz 
(Vcc = 5.25 V, All Other Pins Grounded) 1.5, 2.0 MHz 


ice 


- 


80 
100 


mA 


Input Capacitance (A n , R/W, CS n , CS n ) (V in = 0, T A = 25°C, f=1.0 MHz) 


C-in 


- 


7.5 


pF 


Output Capacitance (D n ) (V out = 0, Ta = 25°C, f = 1.0 MHz, CSO = 0) 


Cout 


- 


12.5 


pF 




AC TEST LOAD 



MMD6150 | R|_ = 2.5 kfi 
or Equiv. 




![ MMD7000 
IT or Equiv. 



"Includes Jig Capacitance 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

READ CYCLE (V cc = 5.0 V ±5%, V ss = 0, T A = T L to T H unless otherwise noted.) 




Characteristic 


Symbol 


MCM6810 


MCM68A10 


MCM68B10 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Read Cycle Time 


l cyc(R) 


450 


- 


360 


- 


250 


- 


ns 


Access Time 


*acc 


- 


450 


- 


360 


- 


250 


ns 


Address Setup Time 


tAS 


20 


- 


20 


- 


20 


- 


ns 


Address Hold Time 


*AH 





- 





- 





- 


ns 


Data Delay Time (Read) 


*DDR 


- 


230 


- 


220 


- 


180 


ns 


Read to Select Delay Time 


tRCS 





- 





- 





- 


ns 


Data Hold from Address 


*DHA 


10 


- 


10 


- 


10 


- 


ns 


Output Hold Time 


tH 


10 


- 


10 


- 


10 


- 


ns 


Data Hold from Read 


tDHR 


10 


80 


10 


60 


10 


60 


ns 


Read Hold from Chip Select 


l RH 





- 





- 





- 


ns 



X 



READ CYCLE TIMING 

*cyc(R) 



«AS 



'^ E 



< 



X 



X 






•— 'DHA" 
•'DHR 



NOTES: 

1. Voltage levels shown are V|_<0.4 V, Vh£2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 

3. CS and CS have same timing. 



Don't Care 
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WRITE CYCLE (V C c = 5.0 V ±5%, Vss = 0, T A = T L to T"h unless otherwise noted.) 



Characteristic 


Symbol 


MCM6810 


MCM68A10 


MCM68B10 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Write Cycle Time 


tcyc(W) 


450 


- 


360 


- 


250 


- 


ns 


Address Setup Time 


*AS 


20 


- 


20 


- 


20 


- 


ns 


Address Hold Time 


l AH 





- 





- 





- 


ns 


Chip Select Pulse Width 


*CS 


300 


- 


250 


- 


210 


- 


ns 


Write to Chip Select Delay Time 


*WCS 





- 





- 





- 


ns 


Data Setup Time (Write) 


*DSW 


190 


- 


80 


- 


60 


- 


ns 


Input Hold Time 


»H 


10 


- 


10 


- 


10 


- 


ns 


Write Hold Time from Chip Select 


*WH 





- 





- 





- 


ns 



X 



,^^' 



^ml 



WRITE CYCLE TIMING 

tcyclW) 



'<^^ 



X 



s 



-"■ w////////Amm% c. 



x 




#/////////////////. 



Data In Stable 



W///////////A 



NOTES: 

1. Voltage levels shown are V|_<0.4 V, Vhs2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 

3. CS and CS have same timing. 



V777Z -™*. 
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MCM2114 




4096-BIT STATIC RANDOM ACCESS MEMORY 

The MCM2114 is a 4096-bit random access memory fabricated with 
high density, high reliability N-channel silicon-gate technology. For 
ease of use, the device operates from a single power supply, is directly 
compatible with TTL, and requires no clocks or refreshing because of 
fully static operation. Data access is particularly simple, since address 
setup times are not required. The output data has the same polarity as 
the input data. 

The MCM21 14 is designed for memory applications where simple in- 
terfacing is the design objective. The MCM2114 is assembled in 18-pin 
dual-in-line packages with the industry standard pin-out. A separate 
chip Select (S) lead allows easy selection of an individual package when 
the three-state outputs are OR-tied. 

• Single +5 Volt Supply 

• 1024 Words by 4-Bit Organization 

• Fully Static: Cycle Time= Access Time 

• No Clock or Timing Strobe Required 

• Maximum Access Time 

200 ns - MCM21 14-20 
250 ns - MCM21 14-25 
300 ns - MCM21 14-30 
450 ns - MCM21 14-45 

• Power Dissipation: 100 mA Maximum (Active) 

• Common Data Input and Output 

• Three-State Outputs for OR-Ties 

• Industry Standard 18-Pin Configuration 

• Fully TTL Compatible 



BLOCK DIAGRAM 



V cc =Pin18 




A0 A1 A2 A3 



MOS 



(N-CHANNEL, SILICON : GATE) 

4096-BIT STATIC 

RANDOM ACCESS 

MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 707 



PIN ASSIGNMENT 



A6 

A5 

A4 

A3[ 

A0[ 

A1 

A2 

vss 



[9 



vcc 

]A7 

1A8 

]A9 

]DQ1 

IDQ2 

]DQ3 

]DQ4 

]W 



PIN NAMES 

A0-A9 Address Input 

W Write Enable 

S Chip Select 

DQ1-DQ4 Data Input Output 

Vqc Power (-5 VI 

V55 Ground 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +80 


°C 


Voltage on Any Pin With Respect to V$s 


-0.5 to +7.0 


V 


DC Output Current 


5.0 


mA 


Power Dissipation 


1.0 


Watt 


Operating Temperature Range 


to +70 


°C 


Storage Temperature Range 


-65 to +150 


°C 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS 



This device contains circuitry to protect I 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be I 
taken to avoid application of any voltage 
higher than maximum rated voltages to | 
this high-impedance circuit. 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


V 


vss 











Logic 1 Voltage, All Inputs 


V|H 


2.0 


- 


6.0 


V 


Logic Voltage, All Inputs 


V|L 


-0.5 


- 


0.8 


V 



DC CHARACTERISTICS 



Parameter 


Symbol 


MCM2114 


Unit 


Min 


Typ 


Max 


Input Load Current (All Input Pins, Vj n = to 5.5 VI 


ILI 


- 


- 


10 


jiA 


I/O Leakage Current (S = 2.4 V, Vdq = 0.4 V to Vrx> 


IlLOl 


- 


- 


10 


*A 


Power Supply Current (Vj n = 5.5 V, Idq = mA, Ta = 25°C) 


•cci 


- 


80 


95 


mA 


Power Supply Current (Vj n = 5.5 V, lDQ = mA, T^=0°C) 


ICC2 


- 


- 


100 


mA 


Output Low Current (Vql = 0.4 V) ' • 


IOI 


2.1 


6.0 


- 


mA 


Output High Current (Vqh = 2.4 V) ■ 


IOH 


- 


-1.4 


-1.0 


mA 



CAPACITANCE (f = 1.0 MHz, T A = 25°C, periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance (Vj n = 0V) 


Qn 


5.0 


pF 


Input/Output Capacitance (Vqq = 0V) 


C|/0 


5.0 


PF 




Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IA t /AV. 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and termpature range unless otherwise noted.) 



Input Pulse Levels ....0.8 Volt and 2.4 Volts 

Input Rise and Fall Times ...10 ns 



Input and Output Timing Levels 1 .5 Volts 

Output Load 1 TT.L Gate and Ci_ = 100pF 



READ (NOTE 1), WRITE (NOTE 2) CYCLES 



Parameter 


Symbol 


MCM21 14-20 


MCM21 14-25 


MCM21 14-30 


MCM21 14-45 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 


tAVAX 


200 


- 


250 


- 


300 


- 


450 


- 


ns 


Address Valid to Output Valid 


l AVQV 


- 


200 


- 


250 


- 


300 


- 


450 


ns 


Chip Select Low to Output Valid 


'SLQV 


- 


70 


- ' 


85 


- 


100 


- 


120 


ns 


Chip Select Low to Output Don't Care 


tSLQX 


20 


- 


20 


- 


20 


- 


20 


- 


ns 


Chip Select High to Output High Z 


tSHQZ 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


Address Don't Care to Output Don't Care 


tAXQX 


50 


- 


50 


- 


50 


- 


50 


- 


ns 


Write Low to Write High 


tWLWH 


120 


- 


135 


- 


150 


- 


200 


- 


ns 


Write High to Address Don't Care 


tWHAX 





- 





- 





- 





- 


ns 


Write Low to Output High Z 


tWLQZ 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


Data Valid to Write High 


tDVWH 


120 


- 


135 


- 


150 


- 


200 


- 


ns 


Write High to Data Don't Care 


tWHDX 





- 





- 





- 





- 


ns 



NOTES: 1. A Read occurs during the overlap of a 
2. A Write occurs during the overlap of a 



lowland a highW 
low's" and a low W. 
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READ CYCLE TIMING (W HELD HIGH) 



'AVAX- 

-'AVQV— - — 



wwwwwwwwwwwwww . 




h-tSLQV 
i-tSLQX-» 



S 



mmnmimL 



-tSHQZ- 



% 



-UXQ'X 



WRITE CYCLE TIMING (NOTE 3) 



S^SSSSSSk 



<avax ■ 



Mi 



MmmnmnnnL. 



tWLWH • 



'WLQZ 



))))))))))))* 



D 



mmmmmmmm i 



l DVWH 



>W 



tWHDX 



mmmomy> 



3. If thelS low transition occurs simultaneously with the W low transition, the output buffers remain in a high-impedance state. 

WAVEFORMS 

Waveform Input Output 

Symbol 






MUST BE 


WILL BE 


■ VALID 


VALID 


CHANGE ' 


WILL CHANGE 


FROM H TO-.L 


FROM H TO L 


CHANGE 


WILL CHANGE 


FROM L TO H 


FROM L TO H 


DON T CARE 


CHANGING 


ANY CHANGE 


STATE 


PERMITTED 


UNKNOWN 




HIGH 




IMPEDANCE 
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TYPICAL CHARACTERISTICS 



SUPPLY CURRENT versus SUPPLY VOLTAGE 



SUPPLY CURRENT versus AMBIENT TEMPERATURE 
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NORMALIZED ACCESS TIME versus TEMPERATURE 



TYPICAL ACCESS TIME versus TEMPERATURE 
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MCM2114 BITMAP 



D 



1023- 
1007 



1023-< 1008 

1007 



DQ3 (PIN NO. 12) 



DQ4(PIN NO. 11) 



1023-<- 
1007 



DQ1 (PIN NO. 14) 



1023-<- 
1007 



D 



DQ2 (PIN NO. 13) 




To determine the precise location on the die of a word in memory, reassign address numbers to the address pins as 
in the table below. The bit locations can then be determined directly from the bit map. 





REASSIGNED 




REASSIGNED 


PIN NUMBER 


ADDRESS NUMBER 


PIN NUMBER 


ADDRESS NUMBER 


1 


A6 


6 


A1 


2 


A5 


7 


A2 


3 


A4 


15 


A9 


4 


A3 


16 


A8 


5 


AO 


17 


Al 
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MOTOROLA 



MCM6147 




4K BIT STATIC RANDOM ACCESS MEMORY 

The MCM6147 is a 4096-bit static Random Access Memory organized 
as 4096 words by 1-bit, fabricated using Motorola's high performance 
CMOS silicon gate technology (HCMOS). It uses a design approach 
which provides the simple timing features associated with fully static 
memories and the reduced power associated with CMOS memories. 
This means low power without the need for clocks, nor reduced data 
rates due to cycle times that exceed access times. 

Chip Enable (E) controls the power-down feature. It is not a_clock, 
but rather a chip control that affects power consumption. After E goes 
high, initiating deselect mode, the part automatically reduces its power 
requirements and remains in this low-power standby mode as long as E 
remains high. 

The MCM6147 is in an 18-pin dual in-line package with the industry 
standard pin out. It is TTL compatible in all respects. The data out has 
the same polarity as the input data. A data input and a separate three- 
state output provide flexibility and allow easy OR-ties. 

• Single +5 V Supply 

• Fully Static Memory — No Clock or Timing Strobe Required 

• Maximum Access Time 

MCM6147-55=55ns 
MCM61 47-70= 70 ns 

• Automatic Power Down 

• Low Power Dissipation 

35 mA Maximum (Active) 

12 mA Maximum (Standby — TTL Levels) 

800 jtA Maximum (Standby) 

100 /tA Maximum (Standby - MCM61L47) 

• Low Standby Power Version Available 

• Directly TTL Compatible — All Inputs and Output 

• Separate Data Input and Three-State Output 

• Equal Access and Cycle Time 

• High Density 18-Pin Package 



BLOCK DIAGRAM 



A6 
A7 



Bow 
Select 



8 






Memory Array 

64 Row 

64 Columns 



~ Column I/O Circuits 
Column Select 



A3 A4 A5 A9A10A11 



"D^ 



HCMOS 

(COMPLEMENTARY MOS) 

4,096x1 BIT 
STATIC RANDOM 
ACCESS MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 707 



PIN ASSIGNMENTS 


A0[ 


1 •V_/~18 


Ivcc 


A1[ 


2 17 


]A6 


A2[ 


3 16 


]A7 


A3[ 


4 15 


]A8 


A4[ 


5 14 


]A9 


A5[ 


6 13 


]A10 


QC 


7 12 


]A11 


W[ 


8 11 


]D 


vsst 


9 10 


]E 




PIN NAMES 




A0-A11 Address 

E Chip Enable 

D Data In 


Q Data Out 


W Write 


Vrjc Power( + 5V) 
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ABSOLUTE MAXIMUM RATINGS* See note) 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +85 


°C 


Voltage on Any Pin with Respect to Vqq 


-0.5 to +7.0 


V 


Power Dissipation 


1.0 


Watt 


Operating Temperature Range 


to +70 


°C 


Storage Temperature Range 


-65 to +150 


°C 



NOTE: 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


vec 
vss 


4.5 



5.0 



5.5 



V 


Logic 1 Voltage, All Inputs 


V|H 


2.0 




6.0 


V 


Logic 0, Voltage, All Inputs 


V|L 


-0.3 


- 


0.8 


V 


DC CHARACTERISTICS 


Parameter 


Symbol 


MCM61L47-55 


MCM6147-55 


MCM61L47-70 


MCM6147-70 


Unit 


Min 


Typ* 


Max 


Min 


Typ* 


Max 


Min 


Typ* 


Max 


Min 


Typ* 


Max 


Input Load Current 
(All Input Pins, Vj n = to 5.5 V) 


IlL 


■ - 


0.01 


1.0 


- 


0.01 


1.0 


- 


0.01 


1.0 


- 


0.01 


1.0 


*A 


Output Leakage Current 
(E=2.0V, V out = 0to5.5V) 


lOL 


•'- 


0.1 


1.0 


- 


0.1 


1.0 


- 


0.1 


1.0 


- 


0.1 


1.0 


■P*-. 


Power Supply Current 
(E"=V||_, Output Open) 


ice 


- 


15 


35 


- 


15 


35 


- 


15 


35 


- 


15 


35 


mA 


Standby Current (E=V|H> 


'SB 


- 


5 


12 


- 


5 


12 


- 


5 


12 


- 


5 


12 


mA 


Standby Current (E"=V(x-0.2 V) 
(0.2 VsV in s:Vcc -0.2 V) 


'SBI 


- 


25 


100 


- 


200 


800 


- 


25 


100 


- 


200 


800 


^A 


Input Low Voltage 


V|L 


-0.3 


- 


0.8 


-0.3 


- 


0.8 


-0.3 


- 


0.8 


-0.3 


- 


0.8 


V 


Input High Voltage 


VlH 


2.0 


- 


.6.0 


2.0 


- 


6.0 


2.0 


- 


6.0 


2.0 


- 


6.0 


V 


Output Low Voltage 
.(IOL=-12.0 mA) 


v 0L 


- 


- 


0.4 


- 


- 


0.4 


- 


- 


0.4 


- 


- 


0.4 


V 


Output High Voltage** 
(l OH= -8.0 mA). 


VqH 


2.4 


- 


- 


2.4 


- 


- 


2.4 


- 


- 


2.4 


- 




V 



'Typical values are for Ta = 25°C and Vcc= +50 V. 

'Also, output voltages are compatible with Motorola's new High-Speed CMOS Logic Family, if the same power supply voltage is used. 



CAPACITANCE (f = 1.0 MHz, T A = 25°C, periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance (Vj n = V) 


Qn 


5.0 


PF 


Output Capacitance (V ou t=0 V) 


C ut 


7.0 


pF 



FIGURE 1 - OUTPUT LOAD 

vec 



Capacitance measured with a Boonton Meter or effective capacitance calculated from the 
equation: C=IA t /AV. 



300 



30 pF 
^yZ (Including 
scope and jig) 



3-15 



MCM6147 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted) 



Input Pulse Levels Volt to 3.5 Volts 

Input Rise and Fall Times 10 ns 



Input and Output Timing Reference Levels 1.5 Volts 

Output Load See Figure 1 



READ, WRITE CYCLES 




Parameter 


Symbol 


MCM61L47-55 
MCM6147-55 


MCM61L47-70 
MCM6147-70 


Unit 


Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is Held Active) 


tAVAX 


55 


- 


70 


- 


ns 


Chip Enable Low to Chip Enable High 


tELEH 


55 


- 


70 


- 


ns 


Address Valid to Output Valid (Access) 


tAVQV 


- 


55 


- 


70 


ns 


Chip Enable Low to Output Valid (Access) 


tELQV 


- 


55 


- 


70 


ns 


Address Valid to Output Invalid 


tAVQX 


5 


- 


5 


■ - 


ns 


Chip Enable Low to Output Invalid 


tELQX 


10 


- 


10 


- 


ns 


Chip Enable High to Output High Z 


tEHQZ 





40 





40 


ns 


Chip Selection to Power-Up Time 


tpu 





- 





- 


ns 


Chip Deselection to Power-Down Time 


tPD 





30 





30 


ns 


Address Valid to Chip Enable Low (Address Setup) 


l AVEL 





- 





- 


ns 


Chip Enable Low to Write High 


tELWH 


45 


- 


55 


- 


ns 


Address Valid to Write High 


tAVWH 


45 


- 


55 


- 


ns 


Address Valid to Write Low (Address Setup) 


tAVWL 





- 





- 


ns 


Write Low to Write High (Write Pulse Width) 


tWLWH 


35 


- 


40 


- 


ns 


Write High to Address Don't Care 


tWHAX 


10 


- 


15 


- 


ns 


Data Valid to Write High 


tDVWH 


25 


- 


30 


- 


ns' 


Write High to Data Don't Care (Data Hold) 


tWHDX 


10 


- 


10 


- 


ns 


Write Low to Output High Z 


tWLQZ 





30 





35 


ns 


Write High to Output Valid 


l WHQY 





- 





- 


ns 



TIMING PARAMETER ABBREVIATIONS 

signal name from which interval is defined - 

transition direction for first signal - 

signal name to which interval is defined - 

transition direction for second signal ■ 



t X X X X 



The transition definitions used in this data sheet are: 
H = transition to high 
L= transition to low 
V = transition to valid 
X= transition to invalid or don't care 
Z= transition to off (high impedance) 



TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, ad- 
dress setup time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require it). On the other hand, responses from 
the memory are specified from the device point of view. 
Thus, the access time is shown as a maximum since the 
device never provides data later than that time. 
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READ J?YCLE TIMING 1 
(E Held Low) 



Address 



Vih 
VlL 



Q (Data Out) 



VOH 
VOL 



*AVAX 



tAVQV 



tAVQX 



Previous Data Valid 



7m m 



Data Valid 



READ CYCLE TIMING 2 



Address 



V|H 
VlL 



VlH 
VlL 



7M®X 



\ 



Q (Data Out) 



VOH 
VOL 



*AVEL 



Address Valid 



l ELEH 



tELQV 



tELQX 



HighZ 

tpu 



■ mmx 



j c 




tEHQZ ]*• — 

y High Z 



V CC Ice 

Supply 
Current 'SB 



tPD 



J 



V_ 



NOTE: W is high for Read Cycles 



V|H 
VlL 



Z)( 



VlL 



S 



WRITE CYCLE TIMING 

*AVAX 



Sk 



tELWH 



4-///////////////, 



tAVWH 



tAVWL 



\ft 



V|H 
VlL 



^a 



tWLWH 



tWHAX 



f 



V|H 



« mmmmm& 



tWLQZ 



^DVWH 



tWHDX 



wwm 



VOH 



tWHQV 



°— > ™ Mo^m-g^::TOTO — «.i— c 



vol 



Data Out = Data In 
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LOW Vcc DATA RETENTION CHARACTERISTICS (T A = to +70°C) (MCM61L47 Only) 



Parameter 


Conditions 


Symbol 


Min 


Typ 


Max 


Unit 


Vcc f° r Data Retention 


EaVcc-0 2 V 
V in a:Vcc-0.2VorVin£0.2V 


V D R 


2.0 


- 


- 


V 


Data Retention Current 


Vcc = 3.0 V, la 2.8 V 
V in a2.8 Vor Vjn<0.2 V 


ICCDR 


- 


- 


40 


„A 


Chip Disable to Data Retention Time 


See Retention Waveform 


'CDR 





- 


- 


ns 


Operation Recovery Time 


'rec 


"tAVAX 


-' 


- 


ns 



" l AVAX = Read Cycle Time. 




LOW Vcc DATA RETENTION WAVEFORM 

VCC 4J 



zim- 



-<CDR- 



\ 



-Data Retention Mode »► 

V DR &2.0V 



/ 



EsVdr-0.2 V 



Mxxxs 
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MCM2016H 



Advance Information 



FAST 16K BIT STATIC RAM 

The MCM2016H is a 16,384-bit Static Random Access Memory 
organized as 2048 words by 8 bits, fabricated using Motorola's High- 
performance silicon-gate MOS (HMOS) technology. It uses an in- 
novative design approach which combines the ease-of-use features of 
fully static operation (no external clocks or timing strobes required) with 
the reduced standby power dissipation associated with clocked 
memories. To the user this means low standby power dissipation 
without the need for address setup and hold times, nor reduced data 
rates due to cycle times that are no longer than access times. Perfect for 
cache and sub-100 ns buffer memory systems, this high speed static 
RAM is intended for applications that demand superior performance 
and reliability. _ 

Chip Enable (E) controls the power-down feature. It is not a clock but 
rather a chip control that affects power consumption. In less than a cy- 
cle time after chip enable (E) goes high, the part automatically reduces 
its power requirements and remains in this low-power standby mode as 
long as the chip enable (E) remains high. This feature provides signifi- 
cant system-level power savings. 

The MCM2016H is in a 24-pin dual-in-line 300 mil wide package with 
the industry standard JEDEC approved pinout. A 24 pin dual-in-line 600 
mil wide package is also available. 

• Single +5 Volt Operation (±10%) 

• Fully Static: No Clock or Timing Strobe Required 

• Fast Access Time: MCM2016H-45 — 45 ns (max) 

MCM2016H-55 - 55 ns (max) 
MCM2016H-70 - 70 ns (max) 

• Power Dissipation: 120 mA Maximum (Active) 

20 mA Maximum (Standby) 

• Three-State Output 



BLOCK DIAGRAM 




MOS 

(N-CHANNEL, SILICON-GATE) 

2,048x8 BIT 
STATIC RANDOM 
ACCESS MEMORY 




Y SUFFIX 

CERAMIC PACKAGE 
CASE 716 



P SUFFIX 

PLASTIC PACKAGE 
CASE 724 



A7[ 1 • 

A6[ 2 

A5[ 3 

A4[ 4 

A3[ 5 

A2[ 6 

A1[ 7 

A0I 8 
DQ0[ 
DQ1[ 
DQ2[ 

vsst 



PIN ASSIGNMENTS 



Ivcc 

]A8 
]A9 
1W 
]G 
]A10 
]E 
JDQ7 
]DQ6 
JDQ5 
14 ]DQ4 
13 ]DQ3 



PIN NAMES 

A0-A10 Address Input 

DQ0-DQ7 Data Input/Output 

W Write Enable 

G Output Enable 

1". Chip Enable 

Vcc Power(+5V) 

V$s Ground 




This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +80 


°C 


Voltage on Any Pin With Respect to Vss 


-0.5 to +7.0 


V 


DC Output Current 


20 


mA 


Power Dissipation' 


1.2 


Watt 


Operating Temperature Range 


to +70 


°C 


Storage Temperature Range 


-65 to +150 


°C 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 




NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extend- 
ed periods of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 


vss 











V 


Input Voltage** 


V|H 


2.0 


3.0 


6.0 


V 


V|L 


-0.5* 





0.8 


V 



♦The device will withstand undershoots to the -2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather 
than 100% tested. 
* *50 ns maximum address rise and fall times, while the chip is selected. 

DC CHARACTERISTICS 



Parameter 


Symbol 


Min 


Max 


Unit 


Input Leakage Current (Vcc = 5.5 V, Vj n = GND to Vcc> 


ILI 


-10 


10 


fA 


Output Leakage Current (E = V|H or G = V|H, V|/o = GND to Vcc> 


"Lo 


-50 


50 


/«A 


Operating Power Supply Current (E = V|i_, l|/o = mA) 


ICC1 


- 


120 


mA 


Standby Power Supply Current (E = V|h) 


ISB 


- 


20 


mA 


Output Low Voltage (Iol = 80 mA) See Figure 1 


vol 




0.4 


V 


Output High Voltage (Ioh = ~4.0 mA) See Figure 1 


VOH 


2.4 


- 


V 



CAPACITANCE (f = 1-0 MHz,Ta = 25°C, periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance except E, DQ 


C in 


3 


5 


pF 


Input/Output Capacitance and E Input Capacitance 


C|/0 


5 


7 


pF 


MODE SELECTION 


Mode 


E 


G 


V7 


Vcc Current 


DQ 


Standby 


H 


X 


X 


'SB.'- 


High 2 


Read 


L 


L 


H 


'cc 


Q 


Write Cycled) 


L 


X 


L 


ice 


D 


Write Cycle (2) 


L 


X 


L 


'cc 


D 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



Input Pulse Levels and 3.0 Volts 

Input Rise and Fall Times 5 ns 



Input and Output Timing Reference Levels 0.8 and 2.0 Volts 

Output Load See Figure 2 



READ CYCLE #1 (Address Controlled) E = 


V| L . G = V, L , 


W=V|h 
















Parameter 


Symbol 


MCM2016H-45 


MCM2016H-55 


MCM2016H-70 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Output Valid 
(Address Access Time) 


tAVQV 


*AA 


- 


45 


- 


55 


- 


70 


ns 


Address Valid to Address Valid 
(Read Cycle Time) 


*AVAV 


tRC 


45 


- 


55 


- 


70 


- 


ns 


Address Invalid to Output Invalid 
(Output Hold Time) 


l AXQX 


tOH 


5 


- 


5 


- 


5 


- 


ns 



A (Address) 



Q (Data Out) 



X 



-VWAV- 



< VWQV *" 



sxmx 



X 



rtAXQX-i 




:m. 
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READ CYCLE #2 (Chip Enable Controlled) G = V iL , W = 


V|H 
















Parameter 


Symbol 


MCM2016H-45 


MCM2016H-55 


MCM2016H-70 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Chip Enable Low to Output Valid 
(Chip Enable Access Time) 


*ELQV 


'ACS 


- 


45 


- 


55 


- 


70 


ns 


Chip Enable Low to Chip Enable High 
(Read Cycle Time) 


l ELEH 


tRC 


45 


- 


55 


- 


70 


- 


ns 


Address Valid to Chip Enable Low 
(Address Setup to Enable Active) 


VWEL 


'AS 





- 





- 





- 


ns 


Chip Enable Low to Output Invalid 
(Chip Enable to Output Active) 


tELQX 


tLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Enable High to Output High Z 
(Chip Disable to Output Disable) 


tEHQZ 


tHZ 





20. 





20 





20 


ns 


Chip Enable Low to Power Up 


tEUCCH 


tpu 





- 





- 





- 


ns 


Chip Enable High to Power Down 


l EHICCL 


J PD 


- 


20 




20 


- 


20 


ns 



zx 



-VWEL- 



E (Chip Enable) 



Q (Data Out) 



V C C lcc 

Supply 
Current 'SB 



\ 



tELICCH- 



-tELEH- 



f 1 e LQ V >■ 

*tELQX>- 



iWX, 



y 



x 



/ 



Data Valid 



-tEHQZ- 



> 



-tEHICCL- 



X 
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READ CYCLE #3 W=V| H 



Parameter 


Symbol 


MCM2016H-45 


MCM2016H-55 


MCM2016H-70 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Chip Enable Low to Output Valid 
(Chip Enable Access Time) 


tELQV 


l ACS 


- 


45 


- 


55 


- 


70 


ns 


Address Valid to Output Valid 
(Address Access Time) 


*AVQV 


tAA 


- 


45 


- 


55 


- 


70 


ns 


Address Valid to Address Valid 
(Read Cycle Time) 


VWAV 


*RC 


45 


- 


55 


- 


• 70 


- 


ns 


Address Invalid to Output Invalid 
(Output Hold Time) 


l AXQX 


«OH 


5 


- 


5 


-' 


■5 


- 


ns 


Chip Enable Low to Output Invalid 
(Chip Enable to Output Active) 


X ELQX 


tLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Enable High to Output High Z 
(Chip Disable to Output Disable) 


'EHQZ 


tHZ 





20 





20 





20 


ns 


Output Enable Low to Output Valid 
(Output Enable Access Time) 


tGLQV 


tOE 


"-_ 


20 


- 


35 


- 


45 


ns 


Output Enable Low to Output Invalid 
(Output Enable to Output Active) 


'GLQX 


tLX 





- 





- 





- 


ns 


Output Enable High to Output High Z 
(Output Disable to Output Disable) 


tGHQZ 


tHZ 





20 





20 





30 


ns 




A (Address) 



G (Output Enable) 



E (Chip Enable) 



Q (Data Out) 



A. 



5Xi 



-tAVAV- 



X 



-'AVQV- 



<- 'GLQV -*" 



-tGLQX- 



-tELQV- 



-<ELQX- 



-HighZ- 



£. 



-tAXQX- 



-* l GHQZ- 

< 'EHQZ- 



Data Valid 



m 
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WRITE CYCLE #1 (Write Controlled Notes 1 and 3, G = V| L 




Parameter 


Symbol 


MCM2016H-45 


MCM2016H-55 


MCM2016H-70 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Valid 
(Write Cycle Time) 


tAVAV 


twc 


45 


'- 


55 


- 


70 


- 


ns 


Write Low to Write High 
(Write Pulse Width) 


tWLWH 


twP 


20 


- 


25 


- 


30 


- 


ns 


Chip Enable Low to Write High 
(Chip Enable to End of Write) 


'ELWH 


l EW 


40 


- 


50 


- 


65 


- 


ns 


Data Valid to Write High 
(Data Setup to End of Write) 


tDVWH 


'DW 


20 


- 


25 


- 


30 


- 


ns 


Write High to Data Don't Care 
(Data Hold After End of Write) 


tWHDX 


tDH 





- 


10 


- 


' 10 


- 


ns 


Address Valid to Write High 
(Address Setup to End of Write) 


*AVWH 


'AW 


40 


- 


50 


- 


65 


- 


ns 


Address Valid to Write Low 

(Address Setup to Beginning of Write) 


VWWL 


*AS 


' 


- 





- 





- 


ns 


Write High to Address Don't Care 
(Address Hold After End of Write) 


*WHAX 


tWR 





- 





- 





- 


ns 


Write Low to Output High Z 
(Write Enable to Output Disable) 


tWLQZ 


*WZ 





20 





20 





20 


ns 


Write High to Output Don't Care 
(Output Active After End of Write) 


'WHQX 


tow 





10 





10 





10 


ns 



NOTES: _ 

1 . Write enable (W) must be high during all address transitions. 

2. twHAX ' s measured from the earlier of chip enable (E) or write enable (W) going high to the end of write cycle. 

3. If the chip enable (E) low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance 
state. 

4. If chip enable (E) is low during this period, DQ pins are in the output state. Then, the data input signals of opposite phase to the outputs 
must not be applied to them. 



E (Chip Enable) 



W (Write Enable) 



Q (Data Out) 



D (Data In) 



tAVWL 




mmmmx> 



< 



■tWHDX>- 



!4J 



lEXXXXX 
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MCM2016H 



WRITE CYCLE #2 (Chip Enable Controlled) Note 5 


















Parameter 


Symbol 


MCM2016H-45 


MCM2016H-55 


MCM2016H-70 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Valid 
(Write Cycle Time) 


l AVAV 


twc 


45 


- 


55 


- 


70 


- 


ns 


Write Low to Chip Enable High 
(Write Pulse Width) 


'WLEH 


t\A/P 


20 


- 


20 


- 


20 


- 


■ ns 


Chip Enable Low to Chip Enable High 
(Chip Enable to End of Write) 


l ELEH 


tEW 


45 


- 


55 


- 


70 


- 


ns 


Data Valid to Chip Enable High 
(Data Setup to End of Write) 


l DVEH 


l DW 


20 


- 


20 


- 


20 


- 


ns 


Chip Enable High to Data Don't Care 
(Data Hold After End of Write) 


'EHDX 


tDH 


5 


- 


' 5 


- 


5 


- 


ns 


Address Valid to Chip Enable High 
(Address Setup to End of Write) 


VWEH 


'AW 


45 


- 


55 


- 


70 


- 


ns 


Address Valid to Chip Enable Low 
(Address Setup to Chip Enable) 


r AVEL 


*AS 





- 





- 





- 


ns 


Chip Enable High to Address Don't Care 
(Address Hold After End of Write) 


'EHAX 


tWR 





- 





- 





- 


ns 


Write Low to Output High Z 
(Write Enable to Output Disable) 


l WLQZ 


tHZ 





20 





20 





20 


ns 



NOTES: _ 

5. Write enable (W) must be high during all address transitions. 
6- *EHAX ' s measured from the earlier of chip enable (E) or write enable (W) going high to the end of write cycle. 

7. If the chip enable (E) low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance 
state. 

8. If chip enable (E) is low during this period, DQ pins are in the output state. Then, the data input signals of opposite phase to the outputs 
must not be applied to them. 




A (Address) 



G (Output Enable) 



E (Chip Enable) 



W (Write Enable) 



Q (Data Out) 



D (Data In) 



X 



ZZ7 



- l AVAV- 



X 



< tAVEL > 



-tELEH- 



L 



-tAVEH- 



^XXXV 



-*WLEH *- 



/ 



tWLQZ 



w mwwmM* 



-tGHQZ- 



-tDVEH— *- 



^ 



-'EHAXl 6 ! 



«*— l EHDX- 



<E 



jm 
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FIGURE 1 - DC OUTPUT LOAD 



FIGURE 2 - AC OUTPUT LOAD 



510 n 



30 pF 
300 Q £ =£= (Including 

scope and jig) 



970 fi 



30 pF = 
(Including 
scope and jig) 
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'M) MOTOROLA 



MCM2167H 



Advance Information 



FAST 16K BIT STATIC RAM 

The MCM2167H is a 16,384-bit Static Random Access Memory orga- 
nized as 16,384 words by 1 bit, fabricated using Motorola's High- 
performance silicon-gate MOS (HMOS) technology. It uses an innova- 
tive design approach which combines the ease-of-use features of fully 
static operation (no external clocks or timing strobes required) with the 
reduced standby power dissipation associated with clocked memories. 
To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle 
times that are no longer than access times. Perfect for cache and 
sub-100 ns buffer memory systems, this high speed static RAM is in- 
tended for applications demanding superior performance and reliability. 

Chip Enable (E) controls the power-down feature. It is not a clock but 
rather a chip control that affects power consumption. In less than a 
cycle time after Chip Enable (E) goes high, the part automatically 
reduces its power requirements and remains in this low-power standby 
mode as long as the Chip Enable (E) remains high. This feature provides 
significant system-level power savings. 

The MCM2167H is in a 20 pin dual-in-line package with the industry 
standard pinout. It is TTL compatible in all respects. The data out has 
the same polarity as the input data. A data input and a separate three- 
state output provide flexibility and allow easy OR-ties. 

• Single +5 V Operation (±10%) 

• Fully Static Memory — No Clock or Timing Strobe Required 

• Fast Access Time: MCM2167H-35 - 35 ns Max. 

MCM2167H-45 - 45 ns Max. 
MCM2167H-55 - 55 ns Max. 

• Power Dissipation: 120 mA Maximum (Active) 

20 mA Maximum (Standby) 

• Three-State Output 



BLOCK DIAGRAM 



MOS 

(N-CHANNEL, SILICON-GATE) 

16,384-BIT STATIC 

RANDOM ACCESS 

MEMORY 



V cc =Pin 20 
Vss=Pin 10 




A4 A5 A6 A7 A8 A9 A10 





ffrfflfflf L SUFFIX 


FranflAT 


VI CERAMIC PACKAGE 


^ i 


| II H " U CASE 729 


20 D || 11 U 

1 






Hfim P SUFFIX 




JSTinnMl PLASTIC PACKAGE 




I | | 11 H CASE 738 


20 | | II U " 
1 






S&Jr Z SUFFIX 


2 °^L^»«^ 


h^ LEADLESS CHIP CARRIER 


i^^ 


CASE 752B 




PIN ASSIGNMENT 




vsst 



PIN NAMES 

A0-A13 Address Input 

W Write Enable 

E Chip Enable 

D Data Input 

Q Data Output 

V<x Power ( + 5 V) 

Vgg Ground 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM2167H 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +80 


°C 


Voltage on Any Pin With Respect to Vss 


-0.5 to +7.0 


V 


DC Output Current 


20 


mA 


Power Dissipation 


1.0 


Watt 


Operating Temperature Range 


to +70 


°C 


Storage Temperature Range 


-65 to +150 


°C 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 




NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extend- 
ed periods of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwisenoted.! 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


vss 











V 


Input Voltage** 


V|H 


2.0 


3.0 


6.0 


V 


V|L 


-0.5* 





0.8 


V 



*The device will withstand undershoots to the - 2.5 volt level with a ^maximum pulse width of 50 ns. This is periodically sampled rather than 
100% tested. 
**50 ns maximum address rise and fall times, while the chip is selected. 

DC CHARACTERISTICS 



Parameter 


Symbol 


Min 


Max 


Unit 


Input Leakage Current (Vcc = 5.5 V, Vj n =GND to Vcc) 


"LI 


-10 


10 


AA 


Output Leakage Current (E= Vm, V|/o=GND to Vcc, VCC = 5 - 5 v) 


lLO 


-50 


50 


mA 


Operating Power Supply Current CE=V||_, l|/o = ° m A) 


'CC1 


- 


120 


mA 


Standby Power Supply Current (E = V||-|) 


'SB " 


- 


20 


mA 


Output Low Voltage (Iol = 8.0 mA) See Figure 1 


vol 


- 


0.4 


V 


Output High Voltage (Iqh= -4.0 mA) See Figure 1 


vqh 


2.4 


- 


V 



CAPACITANCE (f = 1.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance except, E, DQ 


Qn 


3 


5 


pF 


Input/Output Capacitance and E Input Capacitance 


C|/0 


3 


7 


pF 



MODE SELECTION 



Mode 


E 


W 


Vcc Current 


Q 


Standby 


H 


X 


'SB 


HighZ 


Read 


L 


H 


'CC 


Data Out 


Write Cycle (1) 


L 


L 


ice 


HighZ 


Write Cycle (2) 


L 


L 


>cc 


HighZ 



3-28 



MCM2167H 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.! 



Input Pulse Levels and 3.0 Volts 

Input Rise and Fall Times 5 ns 



Input and Output Timing Reference Levels 0.8 and 2.0 Volts 

Output Load See Figure 2 



READ CYCLE #1 (Address Controlled) E = 


V|L.W=V| H 


















Parameter 


Symbol 


MCM2167H-35 


MCM2167H-45 


MCM2167H-55 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Output Valid 
(Address Access Time) 


*AVQV 


l AA 


- 


35 


- 


45 


- 


55 


ns 


Address Valid to Address Valid 
(Read Cycle Time) 


l AVAV 


tRC 


35 


- 


45 


- 


55 


- 


ns 


Address Invalid to Output Invalid 
(Output Hold Time) 


tAXQX 


tOH 


3 


- 


3 


- 


3 


■ - 


ns 



A (Address) 



X 



tAVAV 



■* t AV QV *■ 



X 



-< tAXQX ■ 




X 



Data Valid 



:*m 
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MCM2167H 




READ CYCLE #2 (Chip Enable Controlled) Notes Land 2 
















Parameter 


Symbol 


MCM2167H-35 


MCM2167H-45 


MCM2167H-55 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Chip Enable Low to Output Valid 
(Chip Enable Access Time) 


l ELQV 


*ACS 


- 


35 


- 


45 


— 


55 


ns 


Chip Enable Low to Chip Enable High 
(Read Cycle Time) 


l ELEH 


tRC 


35 


- 


45 


- 


55 


- 


ns 


Address Valid to Chip Enable Low 
(Address Setup to Enable Active) 


V'AVEL 


l AS' 





- - : 





7 





— 


ns 


Chip Enable Low to Output Invalid 
(Chip Enable to Output Active) 


l ELQX 


*LZ 


5 


~ 


5 


- 


5 


- 


ns 


Chip Enable High to Output High Z 
(Chip Disable to Output Disable) 


tEHQZ 


tHZ 





25 


... 


25 


■ 


30 


ns 


Chip Enable Low to Power Up 


l ELICCH 


tpu 





- 





- 





• - 


ns 


Chip Enable High to Power Down 


tEHICCL 


tPD 


- 


35 


- 


45 


- 


55 


ns 



NOTES: _ 

1 . Write Enable (W) is high for read cycle. 

2. Address valid prior to or coincident with Chip Enable (E) transition low. 



A (Addressl 



E (Chip Enable) 



Q (Data Out) 



V CC 'CC 

Supply 
Current *SB 



3: 



-tAVEL- 



\ 



l ELICCH- 



X 



-tELEH- 



/ 



-<ELQV *- 



J'ELQXJ 



<»: 



-'EHQZ- 



> 



-«EHICCL- 



y 



x. 
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WRITE CYCLE #1 (Write Controlled) Note 3 


















Parameter 


Symbol 


MCM2167H-35 


MCM2167H-45 


MCM2167H-55 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Valid 
(Write Cycle Time) 


'AVAV 


*WC 


35 


- 


45 


- 


55 


- 


ns 


Write Low to Write High 
(Write Pulse Width) 


l WLWH 


tWP 


20 


- 


20 


- 


25 


- 


ns 


Chip Enable Low to Write High 
(Chip Enable to End of Write) 


'ELWH 


tEW 


35 


- 


45 


- 


55 


- 


ns 


Data Valid to Write High 
(Data Setup, to End of Write) 


tDVWH 


tDW 


15 


- 


15 


- 


20 


- 


ns 


Write High to Data Don't Care 
(Data Hold After End of Write) 


'WHDX 


tDH 





- 





- 





- 


ns 


Address Valid to Write High 
(Address Setup to End of Write) . 


VWWH 


tAW 


35 


- 


45 


- 


55 


- 


ns 


Address Valid to Write Low 
(Address Setup to Beginning of Write) 


VWWL 


tAS 


5 


- 


5 


- 


10 


- 


ns 


Write High to Address Don't Care 
(Address Hold After End of Write) 


tWHAX 


l WR 





- 





- 





- 


ns 


Write Low to Output High Z 
(Write Enable to Output Disable) 


l WLQZ 


twz 





20 





20 





25 


ns 


Write High to Output Don't Care 
(Output Active After End of Write) 


tWHQX 


tow 





25 





25 





30 


ns 



NOTES: 

3. Either Chip Enable (E) or Write Enable 

4. twhiAX ' s measured from the earlier of 




(W) must be high during all address transitions. 
Chip Enable (E) or Write Enable (W) going high to the end of write cycle. 



3: 



E (Chip Enable) 



W (Write Enable) 



Q (Data Out) 



D (Data In) 



IAVWL 



l AVAV ■ 



•tELWH" 



• VWWH 



ITSSE. 



< — : UA/LWH 



/ 



"* > t WL Q Z 



<mymxxYy)6 



-tDVWH 



X 



tWHAX[4) 



*WHDX- 



£ 



^Xffl 



kxxxxx 
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MCM2167H 




WRITE CYCLE #2 (Chip Enable Controlled) Note 5 


















Parameter 


Symbol 


MCM2167H-35 


MCM2167H-45 


MCM2167H-55 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Valid 
(Write Cycle Time) 


*AVAV 


'WC 


35 


- 


45 


- 


55 


- 


ns 


Write Low to Chip Enable High 
(Write Pulse Width) 


l WLEH 


twp 


20 


- 


20 


- 


20 


- 


ns 


Chip Enable Low to Chip Enable High 
(Chip Enable to End of Write) 


l ELEH 


,'EW 


35 


- 


45 


- 


55 


- 


ns 


Data Valid to Chip Enable High 
(Data Setup to End of Write) 


*DVEH 


tDW 


15 


- 


15 


- 


20 


- . 


ns 


Chip Enable High to Data Don't Care 
(Data Hold After End of Write) 


tEHDX 


*DH 


5 


- 


5 


- 


5 


- 


ns 


Address Valid to Chip Enable High 
(Address Setup to End of Write) 


l AVEH 


'AW 


35 


- 


45 


— 


55 


- " 


ns 


Chip Enable High to Address Don't Care 
(Address Hold After End of. Write) 


*EHAX 


tWR 





- 





■ - 





- 


ns 



NOTES: _ _ 

5. Either Chip Enable (E) or Write Enable (W) must be high during all address transitions. 
6- *EHAX is measured from the earlier of Chip Enable (E) or Write Enable (W) going high to the end of write cycle. 



X 



< -tAVEL »> 



E (Chip Enable) \ \ \ 



W (Write Enable) 



Q (Data Out) 



tAVWL 



• 'AVAV ' 



'EHAXIB] 



•tELEH" 



■'AVEH- 



^SXXN. 



< tWLEH- 



/ 



'WLQZ 



<mmmm^ 



<%. 



-'DVEH — *■ 



A 



<— 'EHDX- 



:^xxx 



FIGURE 1 - DC OUTPUT LOAD 

1.73V 



FIGURE 2 - AC OUTPUT LOAD 

5 V 



16012 



30 pF 
(Including 
scope and jig) 



30 pF : 
(Including scope 
and jig) 



970 



H4- 



12 kQ 
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MOTOROLA 



MCM6116 



16K BIT STATIC RANDOM ACCESS MEMORY 

The MCM6116 is a 16,384-bit Static Random Access Memory 
organized as 2048 words by 8 bits, fabricated using Motorola's high- 
performance silicon-gate CMOS (HCMOS) technology. It uses a design 
approach which provides the simple timing features associated with ful- 
ly static memories and the reduced power associated with CMOS 
memories. This means low standby power without the need for clocks, 
nor reduced data rates due to cycle times that exceed access time. 

Chip Enable (E) controls the power-down feature. It is not a clock but 
rather a chip control that affects power consumption. In less than a cy- 
cle time after Chip Enable (E) goes high, the part automatically reduces 
its power requirements_and remains in this low-power standby as long 
as the Chip Enable (E) remains high. The automatic power-down 
feature causes no performance degradation. 

The MCM6116 is in a 24-pin dual-in-line package with the industry 
standard JEDEC approved pinout and is pinout compatible with the in- 
dustry standard 16K EPROM/ROM. 

• Single +5 V Supply 

• 2048 Words by 8-Bit Operation 

• HCMOS Technology 

• Fully Static: No Clock or Timing Strobe Required 

• Maximum Access Time: MCM61 16-12 - 120 ns 

MCM61 16-15 - 150 ns 
MCM61 16-20 - 200 ns 

• Power Dissipation: 70 mA Maximum (Active) 

15 mA Maximum (Standby-TTL Levels) 
2 mA Maximum (Standby) 

• Low Power Version Also Available - MCM61L16 

• Low Voltage Data Retention (MCM61L16 Only): 
50 fiA Maximum 



BLOCK DIAGRAM 




Input 

Data 

Control 



Pin 24= Vcc 
Pin 12 = Vss 



Column Decoder 



23M 22H 19 
A0 j>A8 iA9 4A10 



rf 



-n 



Control 
Logic 
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PLASTIC PACKAGE 
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PIN ASSIGNMENTS 






A7[ 
A6[ 


1 • \~S 24 
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Ivcc 

]A8 


A5[ 


3 22 


]A9 


A4[ 


4 21 


]W 


A3[ 


5 20 


]G 


A2[ 


6 19 
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A1[ 


7 18 


]E 


A0[ 


8 17 


]DQ7 


DQ0[ 


9 16 


]DQ6 


DQ1[ 


10 15 


1DQ5 


DQ2[ 


11 14 


]DQ4 


vsst 


12 13 


]DQ3 




PIN NAMES 
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DQ0-DQ7 

W 
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MCM6116 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +80 


°C 


Voltage on Any Pin With Respect to Vss 


-1.0 to +7.0 


V 


DC Output Current 


20 


mA 


Power Dissipation 


1.2 


Watt 


Operating Temperature Range 


Oto +70 


°C 


Storage Temperature Range 


-65 to +150 


° c . 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 




NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extend- 
ed periods of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature ranges unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 


vss 











V 


Input Voltage 


V|H 


2.2 


3.5 


6.0 


V 


V|L 


-1.0' 


.- 


0.8 


V 



"The device will withstand undershoots to the - 1 .0 volt level with a maximum pulse width of 50 ns at the 
sampled rather than 100% tested. 

RECOMMENDED OPERATING CHARACTERISTICS 



-0.3 volt level. This is periodically 







Symbol 


MCM6116 


MCM61L16 


Unit 




Min 


Typ* 


Max 


Min 


Typ* 


Max 


Input Leakage Current (Vcc = 5.5 V, Vj n = GND to Vcc' 


I'LlI 


- 




1 


- 


- 


1 


^A 


Output Leakage Current (E=V|h or G"=V|h V|/q=GND to Vqc> 


I'LOl 


-■ 


- 


1 


- 


- 


1 


,A 


Operating Power Supply Current (E~=V||_, l|/o = mA) 


'cc 


- 


35 


70 


- 


35 


55 


mA 


Average Operating Current Minimum cycle, duty=100% 


'CC2 


- 


35 


70 


- 


35 


55 


mA 


Standby Power 
Supply Current 


(E=V| H ) 


'SB. 


- 


5 


15 


- 


5 


12 


mA 


(E>V C C-0.2 V, Vj n >V CC -0.2 V or V jn <0.2 V) 


'SB1 


- 


20 


2000 


- 


4 


100 


ma 


Output Low Voltage Uol=2.1 mA) 


vol 


- 


- 


0.4 


- 


- 


0.4 


V 


Output High Voltage (Ioh= -1-0 mA)** 


vqh 


2.4 


- 


- 


2.4 


- 


- 


V 



*V CC = 5V, T A = 25°C 
"Also, output voltages are compatible with Motorola's new high-speed CMOS logic family if the same power supply voltage is used. 



CAPACITANCE (f = 1.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance except E 


Cin 


3 


5 


pF 


Input/Output Capacitance and.E Input Capacitance 


C|/0 


5 


7 


pF 


MODE SELECTION 


Mode 


E 


G 


w 


Vcc Current 


DQ 


Standby 


H 


X 


X 


'SB- 'SB1 


High Z 


Read 


L 


L 


H 


'cc 


Q 


Write Cycled) 


L 


H 


L 


'cc 


D 


Write Cycle (2) 


L 


L 


L 


'cc 


D 
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MCM6116 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted.) 

Input Pulse Levels Volt to 3. 5 Volts Input and Output Timing Reference Levels 1.5 Volts 

Input Rise and Fall Times 10 ns Output Load 1 TTL Gate and C|_= 100 pF 



READ CYCLE 



Parameter 


Symbol 


MCM6116-12 
MCM61L16-12 


MCM6116-15 
MCM61L16-15 


MCM61 16-20 
MCM61L16-20 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is Held Active) 


*AVAX 


120 


_ 


150 


_ 


200 


_ 


ns 


Chip Enable Low to Chip Enable High 


<ELEH 


120 




150 


- 


200 


- 


ns 


Address Valid to Output Valid (Access) 


tAVQV 


— 


120 


- 


150 


- 


200 


ns 


Chip Enable Low to Output Valid (Access) 


tELQV 


- 


120 


- 


150 


- 


200 


ns 


Address Valid to Output Invalid 


*AVQX 


10 


- 


15 


- 


15 


- 


ns 


Chip Enable Low to Output Invalid 


l ELQX 


10 


- 


15 


- 


15 


- 


ns 


Chip Enable High to Output High Z 


*EHQZ 





40 





50 





60 


ns 


Output Enable to Output Valid 


tGLQV 


- 


80 


- 


100 


- 


120 


ns 


Output Enable to Output Invalid 


J GLQX 


10 


- 


15 


- 


15 


- 


ns 


Output Enable to Output High Z 


IGLQZ 





40 





. 50 





60 


ns 


Address Invalid to Output Invalid 


'AXQX 


10 


- 


15 


- 


15 


— 


ns 


Address Valid to Chip Enable Low (Address Setup) 


*AVEL 





- 





- 





- 


ns 


Chip Enable to Power-Up Time 


tpu 





- 





- 





- 


ns 


Chip Disable to Power-Down Time 


tPD 


- 


30 


- 


30 


- 


30 


ns 


WRITE CYCLE 


Parameter 


Symbol 


MCM61 16-12 
MCM61L16-12 


MCM61 16-15 
MCM61L16-15 


MCM61 16-20 
MCM61L16-20 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Chip Enable Low to Write High 


tELWH 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to Write High 


tAVWH 


105 


- 


120 


- 


140 


- 


ns 


Address Valid to Write Low (Address Setup) 


tAVWL 


20 


- 


20 


- 


20 


- 


ns 


Write Low to Write High (Write Pulse Width) 


*WLWH 


70 


- 


90 


- 


120 


- 


ns 


Write High to Address Don't Care 


l WHAX 


5 


- 


10 


- 


10 


- 


ns 


Data Valid to Write High 


tDVWH 


35 


- 


40 


- ,, 


60 


- 


ns 


Write High to Data Don't Care (Data Hold) 


tWHDX 


5 


- 


10 


- . 


10 


- 


ns 


Write Low to Output High Z 


tWLQZ 





50 





60 





60 


ns 


Write High to Output Valid 


tWHQV 


5 


- 


10 


- 


10 


- 


ns 


Output Disable to Output High Z 


l GHQZ 





■ 40 





50 





60 


ns 




TIMING PARAMETER ABBREVIATIONS 

signal name from which interval is defined - 

transition direction for first signal - 

signal name to which interval is defined - 

transition direction for second signal ■ 



t X X X X 



The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 



TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, ad- 
dress setup time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require it) . On the other hand, responses from 
the memory are specified from the device point of view. 
Thus, the access time is shown as a maximum since the 
device never provides data later than that time. 
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WRITE CYCLE TIMING 1 (NOTE 4) 




G (Output Enable) 



E (Chip Enable) 



W (Write Enable) 




tAVWL' 



■[6] 



-tELWH- 



-tAVWH- 



^SXXXi 



-tGHQZm- 



Q (Data Out) \\\\\\N^ 



-tWLWH[8]- 



D (Data In) 



<l 



WRITE CYCLE TIMING 2 
G = V| L (NOTE4) 



-tDVWH-^ 



/ 



< — tWHDX- 



]SXX 



A (Address) 



E (Chip Enable) 



W (Write Enable) 



DC 



v 



tAVWL- 



)( 



-tELWH- 



•[6] 



£L 



-tQVWH" 



nexxSi 



«* tWLWH[8] -»* 



< > 



~ )))))))))))) 



■tWLQZm 



D (Data In) 



-tDVWH- 



/ 



■tWHAX[5] 



-tAXQX" 



■< tWHQV" 



-tWHDX->[11] 



I 



Data Valid 






[9] 



IC 



[10] 



wm 



NOTES: _ 

4. Write Enable (W) must be high during all address transitions. 

5- tWHAX is measured from the earlier of Chip Enable (I) or Write Enable (W) going high to the end of write cycle. 

6. If the Chip Enable (E) low transition occurs simultaneously with the Write Enable (W) low transitions or after the Write Enable ( W) transi- 
tion, the output remains in a high impedance state. 

7. During this period, DQ pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

8. A write occurs during the overlap of a low Chip Enable (E) and a low Write Enable (W). 

9. Q (Data Out) is the same phase as write data of this write cycle. 

10. Q (Data Out) is the read of the next address. 

1 1 . If Chip Enable (E) is low during this period, DQ pins are in the output state. Then the data input signals of opposite phase to the outputs 
must not be applied to them. 
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READ CYCLE TIMING 1 (NOTES 1 AND 2) 



X 



G (Output Enable) 



E (Chip Enable) 



Q (Data Out) 



1 



READ CYCLE TIMING 2 
E = V| L , G = V| L (NOTES 1,2) 



zx 



Q (Data Out) 



-'AVAX- 



)C 



-VWQX- 



-tAVQV- 



< tG LQV *■ 



-tGLQX- 



-'ELQV- 



-tELQX" 



-HighZ- 



rat 



£ 



-tAVAX" 



-tAVQX- 



-tAVQV- 



mm 



-tAXQX- 



f/ 7777V7. 



— tGHQZ 1 *■ 

-« tEHQZ 1 »- 



& 




X 



-tAXQX- 



X 



READ CYCLE TIMING 3 
G = V| L (NOTES 1,2, 3) 



A (Address) 



E (Chip Enable) 



Q (Data Out) 



V C C lcc 

Supply 
Current IsB 



ZX 



-VWEL- 



tpu- 



^C 



-tELEH- 



< tELQV- 



<tELQX> 



<m& 



j 



x 



Y 



-tEHQZ- 



y- 



-tpo— 



\. 



NOTES: _ 

1 . Write Enable (W) is High for Read Cycle. 

2. When Chip Enable (E) is Low, the address input must not be in the high impedance state. 

3. Address Valid prior to or coincident with Chip Enable (E) transition Low. 
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LOW VqC DATA RETENTION CHARACTERISTICS (T A = to +70°C) (MCM61L16 Only) 



Parameter 


Conditions 


Symbol 


Min 


Typ 


Max 


Unit 


Vcc fo r Data Retention 


E2:Vcc-0.2V 
VinaVcc-0.2VorVin£0.2V 


VDR 


2.0 


- 


- 


V 


Data Retention Current 


Vcc = 3.0V, Fa 2.8 V 
Vj n a2.8VorVins0.2V 


ICCDR 


- 


- 


50 


/iA 


Chip Disable to Data Retention Time 


See Retention Waveform 


tCDR 





- 


- 


ns 


Operation Recovery Time 


Vec 


"tAVAX 


- 


- 


ns 



*tAVAX = Read Cycle Time. 




LOW V CC DATA RETENTION WAVEFORM 

vec ' 



4.5 V- 



uzzP 



tCDR" 



\ 



-Data Retention Mode- 
V D R2=2.0V 



E2=V DR -0.2V 



f 



^txxxx 



3-38 



® 



MOTOROLA 



MCM6168H 



Product Preview 



4Kx4 BIT STATIC RANDOM ACCESS MEMORY 

The MCM6168H is a 16,384-bit Static Random Access Memory 
organized as 4096 words of 4 bits, fabricated using Motorola's second- 
generation High-performance silicon-gate CMOS (HCMOS III) 
technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and pro- 
vides greater reliability. Fast access time makes this device suitable for 
cache and other sub- 100 ns applications. 

The Chip Enable (E) pin is not a clock. In less than a cycle time after E 
goes high, the part enters a low-power standby mode, remaining in that 
state until E goes low again. This feature reduces system power re- 
quirements without degrading access performance. 

The MCM6168H is available in a 300 mil, 20 pin plastic dual in-line 
package with the JEDEC standard pinout. 

• Single 5 V Supply 

• 4Kx4 Bit Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time 

• Low Power Operation: 50 mA Max. (Active) 

5 mA Max. (Standby- TTL Levels) 
2 mA Max. (Standby- Full Rail) 



BLOCK DIAGRAM 



(LSB) 
A5 



*° — Cs= 

A1 

A2 fcz 

A3 

A6 ■ 






A?' fe= 

(MSB) ' 



Row 
Decoder 



Memory Matrix 
128 Rows x 
128 Columns 



•Vcc 
Vss 



DQ0' 
DQ1 • 
DQ2- 
DQ3' 



1 



Input 

Data 

Control 



Column I/O 



Column Decoder 



A4A10 A9 A8A11 
(MSB) (LSB) 






HCMOS 

(COMPLEMENTARY MOS) 

4,096x4 BIT 
STATIC RANDOM 
ACCESS MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 738 




PIN ASSIGNMENT 



A5[ 2 
A6l 3 
A7[ 4 
A8[ 5 
A9[ 6 
A10[ 7 
All E 8 
E[9 
V SS t 10 



20 ]V CC 
19 ]A3 
18 ]A2 
17 lA1 
16 ]A0 
15 ]DQ0 
14 ]DQ1 
13 ]DQ2 
12 ]DQ3 
11 ]W 



PIN NAMES 

A0-A1 1 Address Input 

W Write Enable 

E Chip Enable 

DQ0-DQ3 Data Input/Output 

Vcc + 5 V Power Supply 

V$s Ground 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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MCM6169H 



Product Preview 




4K x 4 BIT STATIC RANDOM ACCESS MEMORY 

The MCM6.169H is a 16,384-bit Static Random Access Memory 
organized as 4096 words of 4 bits, fabricated using Motorola's second- 
generation High-performance silicon-gate CMOS (HCMOS III) 
technology. Employed design techniques provide the simple timing 
features of static memories (no external clocks or timing strobes re- 
quired), combined with the lower power consumption and resultant 
reliability of CMOS circuitry. High speed access design makes this part 
suitable for cache and other sub-100 ns applications. 

The Chip Enable (E) pin is not a clock. In less than a cycle time after E 
goes high, the part enters a low-^power standby mode, remaining in that 
state until E goes low again. This feature reduces system power re- 
quirements without degrading access performance. 

Output Enable (G) is another feature which has been added to the 
device to allow the user very fast access to the data. 

The MCM6169H is available in a 300 mil, 22 pin plastic dual in-line 
package. 

• Single 5 V Supply 

• 4K x 4 Bit Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Time 

• Low Power Dissipation 



BLOCK DIAGRAM 



(LSB) 

A5- 

A0- 
A1- 
A2- 
A3- 
A6- 
A7- 
(MSB) 
DQ0- 

DQ1- 
DQ2- 
DQ3- 



fe= 

-fed 



Row 
Decoder 



Memory 

Matrix 

128 Rows x 

128 Columns 



V C C 
VSS 



ca- 



Input 

Data 

Control 



Column I/O 



Column Decoder 



Pfl9 



LSB) 




HCMOS 

(COMPLEMENTARY MOS) 

4,096 x 4 BIT 
STATIC RANDOM 
ACCESS MEMORY 




P SUFFIX 

PLASTIC PACKAGE 



PIN ASSIGNMENT 




v S s [ 11 



PIN NAMES 



A0-A11 Address Input 

W ,'. ., Write Enable 

E ...,.....,,. Chip Enable 

G .. . :..'. . '. Output Enable 

DQ0-DQ3 Data Input/ Output 

Vcc ■ . : Power ( + 5 V) 

Vss Ground 

N/C .No Connect 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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M) MOTOROLA 




MCM6164H 



Product Preview 



64K BIT STATIC RANDOM ACCESS MEMORY 

The MCM6164H is a 65,536 bit Static Random Access Memory 
organized as 8192 words of 8 bits, fabricated using Motorola's second- 
generation High-performance silicon-gate CMOS (HCMOS III) 
technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and pro- 
vides greater reliability. 

The Chip Enable pins (E1 and E2) are not clocks. Either pin, when 
asserted false, causes the part to enter a low power standby mode. The 
part will remain in standby mode until both pins are asserted true again. 
The availability of positive- and negative-logic Chip Enable pins provides 
more system design flexibility than single Chip Enable devices. 

The MCM6164H is available in a 600 mil, 28 pin plastic dual in-line 
package with the JEDEC standard pinout. 

• Single 5 V Supply 

• 8K x 8 Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time 

• Low Power Dissipation 



BLOCK DIAGRAM 



■O: 



H£ 



A5 
A6- 

A7 tt 

A8 [ ^ | Row 

A9 — D£ 
A1 ° — \x 
A11 — E£ , 

A12 rzh 



Select 



Memory Array 

(256 Rows 

32 Columns) 



VCC 
VSS 



DQO- 



DQ7' 







t 

Data 
Control 



I/O Circuits 



Column Select 



53385 



£ 



<■ 



A0 A1 A2 A3 A4 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 



HCMOS 

(COMPLEMENTARY MOS) 

8192x8 BIT 

STATIC 

RANDOM ACCESS MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 710 




PIN ASSIGNMENT 




PIN NAMES 

A0-A12 Address 

W Write Enable 

E1.E2 Chip Enable 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vqc +5V Power Supply 

Vss Ground 
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MOS EPROMs 




4-1 
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MOTOROLA 



64K-BIT UV ERASABLE PROM 

The MCM68764 is a 65,536-bit Erasable and Electrically Reprogram- 
mable PROM designed for system debug usage and similar applications 
requiring nonvolatile memory that could be reprogrammed periodically, 
or for replacing 64K ROMs for fast turnaround time. The transparent 
window on the package allows the memory content to be erased with 
ultraviolet light. 

For ease of use, the device operates from a single power supply and 
has a static power-down mode. Pin-for-pin mask programmable ROMs 
are available for large volume production runs of systems initially using 
the MCM68764. 

• Single + 5 V Power Supply 

• Automatic Power-down Mode (Standby) with Chip Enable 

• Organized as 8192 Bytes of 8 Bits 

• Low Power Dissipation 

85 mA Active Maximum 
20 mA Standby Maximum 

• Fully TTL Compatible 

• Maximum Access Time = 450 ns MCM68764 

350 ns MCM68764-35 

• Standard 24-Pin DIP for EPROM Upgradability 

• Pin Compatible to MCM68365 Mask Programmable ROM 

• Fast Programming Algorithm Possible 




vcc — 
vss 




BLOCK DIAGRAM 

Data Input/Output DQ0-DQ7 
/ ^ v 


E/Vpp o— 


Control 
Logic 




Input/Output Buffers 












I I I I I I I I 




A0-A4/ o— 


Y 
Decoder 




Y Gating 






• 
• 




^ 






I I 






X 
Decoder 




Memory 
Matrix 




A5-A12< 


^ 




• 
• 
• 


X" 

















MOS 

(N-CHANNEL, SILICON-GATE) 

8192 x 8-BIT 

UV ERASABLE 

PROGRAMMABLE READ 

ONLY MEMORY 



24 






1 " C SUFFIX. 


1 


FRIT-SEAL CERAMIC PACKAGE 




CASE 623A 



PIN ASSIGNMENT 




Pin Names 

A Address 

DQ Data Input/Output 

1/Vpp Chip Enable/ Program 

V C C +5V 

Vss Ground 



©MOTOROLA INC., 1984 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +80 


°C 


Operating Temperature Range 


to + 70 


°C 


Storage Temperature 


-65 to +125 


°C 


All Input or Output Voltages with Respect to Vgs 


+ 6 to -0.3 


V ; 


Vpp Supply Voltage with Respect to Vss 


+ 28 to -0.3 


V 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec- 
tric fields; however, it is advised that normal precau- 
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high- 
impedance circuit. 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 



MODE SELECTION 



Mode 


Pin Number 


9-11, 

13-17, 

DQ 


12 
VSS 


20 
E/Vpp 


24 

vcc 


Read 


Data out 


vss 


. V|L 


vcc 


Output Disable 


High-Z 


vss 


V| H 


vcc 


Standby 


High-Z 


vss 


V|H 


vcc 


Program 


Data in 


vss 


Pulsed 
V| LP to Vihp 


vcc 




FIGURE 1 - AC TEST LOAD 



Test Point o- 



•100 pF" 



-M- 



5.0 V 
R|_ = 2.2k 



MMD6150 
or Equiv. 
MMD7000 
or Equiv. 



'Includes Jig Capacitance 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted! 

CAPACITANCE (f = 1.0 MHz, T/\ = 25°C, VCC = 5 V periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance (Vj n = V) Except E/Vpp 


Cin 


4.0 


6.0 


pF 


Input Capacitance E/Vpp 


Qn 


60 


100 


PF 


Output Capacitance (V ou t = V) 


Cout 


8.0 


12 


pF 



Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IA t /AV. 



RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage MCM68764C, MCM68764C35 


vcc 


4.75 


5.0 


5.25 


V 


Input High Voltage 


V|H 


2.0 


- 


VcC+10 


V 


Input Low Voltage 


V|L 


-0.1 


- 


0.8 


V 



DC OPERATING CHARACTERISTICS 



Characteristic 


Condition 


Symbol 


MCM68764 


Units 


Min 


Typ 


Max 


Address Input Sink Current 


V jn = 5.25 V 


"in 


- 


.- 


10 


MA 


Output Leakage Current 


V out = 5.25 V 


"LO 


- 


- 


10 


^A 


E/Vpp Input Sink Current 


E/Vpp = 0.4 


"EL 


- 


- 


100 


HA 


E/Vpp = 2.4 


lEH = IPL 


- 


- 


100 


MA 


Vcc Supply Current (Standby, Outputs Open) 


E/V PP = V|H 


'CC1 


- 


- 


20 


mA 


Vcc Supply Current (Active, Outputs Open). 


E/Vp P = V| L 


ICC2 


- 


- 


85 


mA 


Output Low Voltage 


IOL = 2.1 mA 


vol 


- 


- 


0.45 


V 


Output High Voltage 


l H=-400^A 


voh 


2.4 


- 


- 


V 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

Input Pulse Levels 0.8 Volt and 2.2 Volts 

Input Rise and Fall Times 20 ns Output Timing Levels 0.8 Volt and 2.0 Volts 

Input Timing Levels 1.0 Volt and 2.0 Volts Output Load See Figure 1 




Characteristic 


Symbol 


MCM68764C35 


MCM68764C 


I 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Units 


Addres Valid to Output Valid (E= V||_) 


( AVQV 


'ACC 


- 


350 


- 


450 


ns I 


Chip Enable to Output Valid 


l ELQV 


tCE 


- 


350 


- 


450 


ns I 


Chip Disable to Output High Z 


tEHQZ 


tDF 





100 





100 


ns 


Data Hold from Address (E = V| L ) 


*AXDX 


tQH 





- . 







ns 



READ MODE TIMING DIAGRAM 



A (Address) 



E/Vpp 



x: 



Address Valid 



tAVQV" 



■'ELQV" 



Q (Output) ■ 



High-Z 



X 



■ tAXDX 



l EHQZ 



HighZ 
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 

(T A = 25± 5°C) 



RECOMMENDED PROGRAMMING OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


V 


Input High Voltage for All Addresses and Data 


V|H 


2.2 


- 


V C C + 1 


V 


Input Low Voltage for All Addresses and Data 


VlL 


-0.1 


.- 


0.8 


V 


Program Pulse Input High Voltage 


V|HP 


24 


25 


26 


V 


Program Pulse Input Low Voltage 


VlLP 


2.0 


vcc 


6.0 


V 



PROGRAMMING OPERATION DC CHARACTERISTICS 



Characteristic 


Condition 


Symbol 


Min 


Typ 


Max 


Unit 


Address Input Sink Current 


V in = 5.25 V 


ILI 


- 


- 


10 


MA 


Vpp Program Pulse Supply Current (Vpp = 25 V ± 1 V) 


- 


IPH 


- 


- 


30 


mA 


Vpp Supply Current (Vpp = 2.4 V) 


- 


IPL = lEH 


- 


- 


100 


*A 


Vcc Supply Current (Vpp = 5.0 V) 


■ - 


ICC 


- 


- 


85 


mA 



AC PROGRAMMING CONDITIONS AND CHARACTERISTICS 




Characteristic 


Symbol 


Min 


Max 


Unit 


Standard 


Alternate 


Address Setup Time 


*AVPH 


l AS 


2.0 


- 


lis 


Data Setup Time 


*DVPH 


'DS 


2.0 


- 


lis 


Chip Enable to Valid Data 


tELQV 


tCE 


450 


- 


ns 


Chip Disable to Data In 


tEHDV 


l CDD 


2.0 


- 


lis 


Program Pulse Width 


tPHPL. 


tpw 


1.9 


2.1 


ms 


Program Pulse Rise Time 


tPR 


tpR 


0.5 


2.0 


lis 


Program Pulse Fall Time 


tPF 


tPF 


0.5 


2.0 


lis 


Cumulative Programming Time Per Word* 


»CP 


*CP 


12 


50 


ms 



Mf less than 25 two millisecond pulses are required to verify programming, then 5 additional two millisecond pulses are required to ensure 
proper operating margins (i.e., 2 ms+5x2 ms= 12 ms minimum t^p). 



PROGRAMMING OPERATION TIMING DIAGRAM 



A (Address) 



X 



D or Q (Data) 



X 



E/Vpp 



_J C 



tEHDV 



X 



Address 1..:8,191 



X 



Address 



X 



>^; 



/^J"^ 



tAVPH 
tDVPH 



\ 



tELQV 
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PROGRAMMING INSTRUCTIONS 

Before programming, the memory should be submitted to 
a full erase operation to ensure that every bit is in the "1" 
state (represented by Output High). Data is entered by pro- 
gramming zeros (Output Low) into the required bits. The 
words are addressed the same way as in the READ opera- 
tion. A programmed "0" can only be changed to a "1" by 
ultraviolet erasure. 

To set the memory up for Program Mode, the E/Vpp input 
(Pin 20) should be between +2.0 and +6.0 V, which will 
three-state the outputs and allow data to be setup on the DQ 
terminals. The V<x voltage is the same as for the Read 
operation. Only "0's" will be programmed when "0's" and 
"Vs" are entered in the 8-bit data word. 

After address and data setup, 25-volt programming pulse 
(V|H to V|HP> is applied to the E/Vpp input. The program 
pulse width is 2 ms and the maximum program pulse 
amplitude is 26 V. 

Multiple MCM68764s may be programmed in parallel by 
connecting like inputs and applying the program pulse to the 
E/Vpp inputs. Different data may be programmed into multi- 
ple MCM68764s connected in parallel by selectively applying 
the programming pulse only to the MCM68764s to be pro- 
grammed. 

READ OPERATION 

After access time, data is valid at the outputs in the Read 
mode. A single input (E/Vpp) enables the outputs and puts 
the chip in active or standby mode. With E/Vpp = "0" the 



outputs are enabled and the chip is in active mode; with 
E/Vpp="1" the outputs are three-stated and the chip is in 
standby mode. During standby mode, the power dissipation 
is reduced. 

Multiple MCM68764s may share a common data bus with 
]ike outputs OR-tied together. In this configuration, only one 
E/Vpp input should be low and no other device outputs 
should be active on the same bus. This will prevent data con- 
tention on the bus. 



ERASING INSRUCTIONS 

The MCM68764 can be erased by exposure to high intensi- 
ty shortwave ultraviolet light, with a wavelength of 2537 
angstroms. The recommended integrated dose (i.e., UV- 
intensity X exposure time) is 15 Ws/cm2. As an example, us- 
ing the "Model 30-000" UV-Eraser (Turner Designs, Moun- 
tain View, CA 94043) the ERASE-time is 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM68764 should be positioned about one inch away from 
the UV-tubes. 



RECOMMENDED OPERATING PROCEDURES 

After erasure and reprogramming of the EPROM, it is 
recommended that the quartz window be covered with an 
opaque self-adhesive cover. It is important that the self- 
adhesive cover not leave any residue on the quartz if it is 
removed to allow another erasure. 
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FAST PROGRAMMING ALGORITHM 

This device is capable of the fast programming algorithm 
as shown by the following flow chart. This algorithm allows 
for faster programming time with increased operating 
margins and improved reliability of data storage. 



FAST PROGRAMMING ALGORITHM FLOW CHART 



D 



Set Program/Verify Mode 
Vpp = 25V V C c = 6V 
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MOTOROLA 



MCM68766 



8192 x 8-BIT UV ERASABLE PROM 

The MCM68766 is a 65,536-bit Erasable and Electrically Reprogram- 
mable PROM designed for system debug usage and similar applications 
requiring nonvolatile memory that could be reprogrammed periodically, 
or for replacing 64K ROMs for fast turnaround time. The transparent 
window on the package allows the memory content to be erased with 
ultraviolet light. 

For ease of use, the device operates from a single power supply that 
has an output enable control and is pin-for-pin compatible with the 
MCM68366 mask programmable ROMs, which are available for large 
volume production runs of systems initially using the MCM68766. 

• Single +5 V Power Supply 

• Organized as 8192 Bytes of 8 Bits 

• Fully TTL Compatible 

• Maximum Access Time = 450 ns MCM68766 

400 ns MCM68766-40 
350 ns MCM68766-35 
300 ns MCM68766-30 

• Standard 24-Pin DIP for EPROM Upgradability 

• Pin Compatible to MCM68366 Mask Programmable ROM 

• Low Power Dissipation — 85 mA Active Maximum 

• Fast Programming Algorithm Possible 



BLOCK DIAGRAM 



vcc 
vss 



G/Vpp 



Control 
Logic 



Data Input/Output DQ0-DQ7 

I T T H T T ? 



Input/Output Buffers 



Y 
Decoder 



Y Gating 



A5-A12< 



X 
Decoder 



Memory 
Matrix 



MOS 

(N-CHANNEL, SILICON-GATE) 

8192 x 8-BIT 

UV ERASABLE 

PROGRAMMABLE READ 

ONLY MEMORY 




C SUFFIX 

FRIT-SEAL CERAMIC PACKAGE 



PIN ASSIGNMENT 




Pin Names 

A Address 

DQ Data Input/Output 

G/Vpp Output Enable/ Program 

Vqc +5V Power Supply 

V$s Ground 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +80 


°C 


Operating Temperature Range 


to + 70 


°C 


Storage Temperature 


-65 to +125 


°c 


All Input or Output Voltages with Respect to Vss 


+ 6 to -0.3 


Vdc 


Vpp Supply Voltage with Respect to Vss 


+ 28 to -0.3 


Vdc 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec- 
tric fields; however, it is advised that normal precau- 
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high- 
impedance circuit. 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 



MODE SELECTION 



Mode 


Pin Number 


9-11, 

13-17, 

DQ 


12 

vss 


20 
G7Vpp 


24 

v C c 


Read 


Data Out 


vss 


VlL 


vcc 


Output Disable 


High-Z 


vss 


V|H 


vcc 


Program 


Data In 


vss 


Pulsed 
V| L p to V|HP 


vcc 




FIGURE 1 - AC TEST LOAD 



Test Point o- 



"100 pF' 



++ 



5.0 V 
R L = 2.2k 



MMD6150 
or Equiv. 
MMD7000 
or Equiv. 



'Includes Jig Capacitance 
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MCM68766 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

CAPACITANCE (f = 1.0 MHz, T A = 25°C, Vcc = 5 v periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance (V; n = V) Except G/Vpp 


Qn 


4.0 


6.0 


PF 


Input Capacitance (G/Vpp) 


Qn 


60 


100 


PF 


Output Capacitance (V out = V) 


Cout 


8.0 


12 


'. PF 



Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C= IA t /AV 



RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit • 


Supply Voltage MCM68766C, C35, C40 

MCM68766C30-10, C35-10 


v C c 


4.75 
4.50 


5.0 
5.0 


5.25 
5.50 


V 


Input High Voltage 


V|H 


2.0 


- 


Vcc+1-0 


V 


Input Low Voltage 


V|L 


-0.1 


- 


0.8 


V 



DC OPERATING CHARACTERISTICS 



Characteristic 


Condition 


Symbol 


Min 


Typ 


Max 


Units 


Address Input Sink Current 


V in = 5.25 V 


"in 


- 


- 


10 


MA 


Output Leakage Current 


V out = 5.25 V 


'LO 


- 


- 


10 


^ 


SVVpp Input Sink Current 


G/Vpp = 0.4 V 


IGL 


- 


- 


100 


^a 


G/Vpp = 2.4V 


l GH = IPL 


- 


- 


100 


*a- 


V CC Supply Current (Outputs Open) 


G/Vpp = V| L 


ice 


- 


- 


85 


mA 


Output Low Voltage 


l0L = 2.1 mA 


vol 


.- 


- 


0.45 


V 


Output High Voltage 


IOH=-400/*A 


vqh 


2.4 


: - 


- 


V. 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

Input Pulse Levels 0.8 Volt and 2.2 Volts Output Timing Levels .....0.8 Volt and 2.0 Volts 

Input Rise and Fall Times 20 ns Output Load See Figure 1 

Input Timing Levels 1.0 Volt and 2.0 Volts 




Characteristic 


Symbol 


MCM68766C 
30 


MCM68766C 
35 


MCM68766C 
40 


MCM68766C 


Units 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Output Valid (G = V|[_) 


tAVQV 


'ACC 


- 


300 


- 


350 


- 


400 


- 


450 


ns 


Output Enable to Output Valid 


tGLQV 


tOE 


- 


120 


- 


150 


- 


150 


- 


150 


ns 


Output Disable to Output High Z 


l GHQZ ■ 


*DF 





100 





100 





100 





100 


ns 


Data Hold from Address (G = V|[_) 


tAXDX - 


tQH 





- 





- 





- 





- 


ns 



READ MODE TIMING DIAGRAM 



A (Address) 



G/Vpp 



Q (Output) 
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MCM68766 



DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 

(T A = 25± 5°C) 



RECOMMENDED PROGRAMMING OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


. v C c 


4.75 


.5.0 


5.25 


V 


Input High Voltage for All Addresses and Data 


V|H 


2.2 


- 


Vcc + 1 


V 


Input Low Voltage for AH Addresses and Data 


V|L 


-0.1 


- 


0.8 


V 


Program Pulse Input High Voltage 


V|HP 


24 


25 


26 


V 


Program Pulse Input Low Voltage 


V|LP 


2.0 


vcc 


6.0 , 


V 



PROGRAMMING OPERATION DC CHARACTERISTICS 



Characteristic 


Condition 


Symbol 


Min 


Typ 


Max 


Unit 


Address Input Sink Current 


V in = 5.25 V 


'LI 


- 


- 


10 


/'A 


Vpp Program Pulse Supply Current (Vpp = 25 V ± 1 V) 


- 


IPH 


- 


- 


30 


mA 


Vpp Supply Current (Vpp = 2.4 V) 


- 


[PL = IGH 


- 


- 


100 


Hf\ 


Vcc Supply Current (Vpp = 5 V) 


- 


ice 


- 


- 


85 


mA 



AC PROGRAMMING CONDITIONS AND CHARACTERISTICS 




Characteristic 


Symbol 


Min 


Max 


Unit 


Standard 


Alternate 


Address Setup Time 


'AVPH 


'AS 


2.0 


- 


/ts 


Data Setup Time 


'DVPH 


'DS 


2.0 


- 


us 


: Output Enable to Valid Data 


'GLQV 


'OE 


150 




ns 


Output Disable to Data In 


'GHDV 


'ODD 


2.0 


■ - 


MS 


Program Pulse Width 


tpHPL 


tpw 


1.9 


2.1 


ms 


Program Pulse Rise Time 


'PR 


'PR 


0.5 


2.0 


lis 


Program Pulse Fall Time 


tPF 


t PF 


0.5 


2.0 


flS 


Cumulative Programming Time Per Word* 


tCP 


'CP 


12 


50 


ms 



* If less than 25, two-millisecond pulses are required to verify programming then 5 additional two-millisecond pulses are required to ensure 
proper operating margins (i.e., 2 ms + 5x2 ms= 12 ms minimum tcp). 

PROGRAMMING OPERATION TIMING DIAGRAM 



A (Address) 



X 



D or Q (Data) 



X 



G/Vpp 



_/ 



'GHDV 



X 



Address 1... 8,191 



X 



X 



>-< 



tAVPH 'PR ■ 

tDVPH 



" 



tPHPL 
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PROGRAMMING INSTRUCTIONS 

Before programming, the memory should be submitted to 
a fu!i erase operation to ensure that every bit is in the "1" 
state (represented by Output High). Data is entered by pro- 
gramming zeros (Output Low) into the required bits. The 
words are addressed the same way as in the READ opera- 
tion. A programmed "0" can only be changed to a "1" by 
ultraviolet light erasure. _ 

To set the memory up for Program Mode, the G/Vpp in- 
put (Pin 20) should be between + 2.0 and +6.0 V, which will 
three-state the outputs and allow, data to be set up on the 
DQ terminals. The Vcc voltage is%ie same as for the Read 
operation. Only "0's" will be programmed when "0's" and 
"1's" are entered in the 8-bit data word. 

After address and data setup,_25-volt programming pulse 
(Vih to V|HP) is applied to the G/Vpp input. The program 
pulse width is 2 ms and the maximum program pulse 
amplitude is 26 V. 

Multiple MCM68766s may be programmed in parallel by 
connecting like inputs and applying the program pulse to the 
G/Vpp inputs. Different data may be programmed into 
multiple MCM68766s connected in parallel by selectively ap- 
plying the programming pulse^eoly to theJMCM68766s to be 
programmed. ^ 

READ OPERATION J- 

After accessjime, data is valid at the outputs in the Read 
mode. With G/Vpp = "0"_the outputs are enabled; with 
G/Vpp = "1" the outputs are three-stated. 



Multiple MCM68766s may share a common data bus with 
like outputs OR-tied together. In this configuration only one 
G/Vpp input should be low and no other device outputs 
should be active on the same bus. This will prevent data con- 
tention on the bus. 



ERASING INSRUCTIONS 

The MCM68766 can be erased by exposure to high intensi- 
ty shortwave ultraviolet light, with a wavelength of 2537 
angstroms. The recommended integrated dose (i.e., UV- 
intensity X exposure time) is 15 Ws/cm^. As an example, us- 
ing the "Model 30-000" UV Eraser (Turner Designs, Moun- 
tain View, CA 94043) the ERASE-time is 36 minutes. The 
lamps should be used without shortwave filters and the 
MCM68766 should be positioned about one inch away from 
the UV-tubes. 



. RECOMMENDED OPERATING PROCEDURES 

After erasure and reprogramming of the EPROM, it is 
recommended that the quartz window be covered with an 
opaque self-adhesive cover. It is important that the self- 
adhesive cover not leave any residue on the quartz if it is 
removed to allow another erasure. 
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MCM68766 



FAST PROGRAMMING ALGORITHM 

This device is capable of the fast programming algorithm 
as shown by the following flow chart. This algorithm allows 
for faster programming time with increased operating 
margins and improved reliability of data storage. 



FAST PROGRAMMING ALGORITHM FLOW CHART 





Typical Loop= 1 - 5 



Set Program/ Verify Mode 
V P p = 25V Vcc = 6V 



Loop = 



Loop + 1 — ♦ Loop 



Program tpnpL = 1 rns 




Last \. No 
Address 



Set Read Mode 
V CC =4.75 and 5.25 V 



Address + 1 — ► Address 




( Fa " ) 
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MOTOROLA 



Product Preview 



32K-BIT ELECTRICALLY ERASABLE PROM 

The MCM2833 is a 32,768-bit Electrically Erasable Programmable 
Read Only Memory (E2pR0M) designed for handling data in applica- 
tions requiring both nonvolatile memory and in-system reprogramming. 

The MCM2833 saves time and money because of the in-system erase 
and reprogram capability. The device operates from a single +5 V 
power supply in the read, write, and erase mode. Word erase and write 
can be controlled entirely by TTL signal levels. 

To ease system design, the high voltage needed by the device for 
write and erase cycles is generated internally. 

Another ease-of-use feature is the choice of erase modes (bulk, byte, 
row, or column) to optimize system erase/write time. For 
microprocessor compatibility, on-chip latches are provided for ad- 
dresses, data, and controls, allowing the microprocessor to perform 
other tasks while the MCM2833 is erasing or programming (writing) 
itself. 

The MCM2833 is fabricated using Motorola's FETMOS technology 
(Floating-gate Electron Tunneling MOS), which has the advantages of 
good data retention, good endurance, and conventional processing. 

The device pinout is part of Motorola's industry standard byte wide 
Nonvolatile Memory family, providing cost-effective density upgrades. 

• Single +5 V Power Supply 

• Organized as 4096 Bytes of 8 Bits 

• Fast Access Time of 150 ns (MCM2833-15) and 
200 ns (MCM2833-20) 

• Low Power Dissipation 
125 mA Maximum (Active) 

35 mA Maximum (Standby) 

• In-System Automatic Erase/Write Capability 

• Data Protected During Power-Up and Power-Down 

• 10,000 Erase/ Program Cycles per Byte 

• Data Integrity of 10 Years 

• 9 ms for Byte Erase or Write 

• Latched Address, Data, and Controls for Write/ Erase 

• Chip Enable and Output Enable for Two Line Bus Control 

• 28-Pin JEDEC Standard Pinout 



FETMOS 
(Floating-Gate Electron Tunneling MOS) 

Poly Oxide Thin Oxide 





HMOS 

(N-CHANNEL, SILICON GATE) 

4096 x 8-BIT 

ELECTRICALLY ERASABLE 

PROGRAMMABLE READ 

ONLY MEMORY 



n^HH 


PL. 


28 tiW 


PLASTIC PACKAGE 


j" 


CASE 710 



PIN ASSIGNMENT 




"For normal operation, pin 26 can be 

tied to Vss or left floating. 
"■For normal operation, pin 1 can be 

tied to V$s or VcC- 



PIN NAMES 

A Address 

DQ Data Input/Output 

E_ Chip Enable 

G_ Output Enable 

W Write Enable 

N/C . . No Connect 

Vqq +5V Power Supply 

Vss Ground 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM2833 BLOCK DIAGRAM 






Memory Array 
128x32x8 



Control 
Logic 



EEE 



1 of 32 
Column Decoder 



vcc- 
vss- 



Sense 
Amps 



A0-A4 Buffers 



I T 



I/O 
Buffers 



r t^\ 



DQO 



MODE SELECTION 






Mode 


Pin Number and Function 


Notes 




Pin 

11-13 

15-19 

DQ0-DQ7 


Pin 20 

E 


Pin 22 
G 


Pin 27 
W 




Read 


Data Out 


V|L 


VlL 


V|H 


- 




Standby 


HighZ 


V|H 


Don't Care 


Don't Care 


- 




Output Disable 


HighZ 


V|L 


V|H 


V|H 


- 




Write 


Data In 


V| L 


V|H 


V|L 


- 




Write or Erase Inhibit 


High Z 


V| H ; 


Don't Care 


Don't Care 


- 




Word Erase (1) 


V|H 


VlL 


V|H 


V|L 


- 




Word Erase (II) 


V|H 


VlL 


V|H 


V IHH 


- 


Page Erase (Row) 


V|H 


VlL 


V IHH 


V IHH 


1 


Page Erase (Column) 


V|H 


VlL 


V IHH 


V|H 


2 


Bulk Erase 


V|H 


V|L 


V IHH 


V|L 


- 



V| HH = 11 V to 17 V 

NOTES: 

1. Row Page Erase Mode: There are 128 rows containing 32 bytes each. Individual rows are selected with addresses A5-A11 (A0-A4 are don't 
care) . 

2. Column Page Erase Mode: There are 32 columns containing 128 bytes each. Individual columns are selected with addresses A0-A4 (A5- 
A11 are don't care). 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Value 


Unit 


Temperature Under Bias 


-10 to +80 


°C 


Operating Temperature Range 


to +70 


°C 


Storage Temperature 


-65 to +100 


°c 


Input or Output Voltages with Respect to Vgs 
(Except G, W) 


+ 6 to -0.4 


V 


Input Voltages with Respect to V$s for G ar| d W 


18 to -0.4 


V 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to -RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
tor extended periods of time could affect device reliability. 



RECOMMENDED DC OPERATING CONDITIONS READ, WRITE, OR ERASE 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage MCM2833-15, -20 

MCM2833-15-5, -20-5 


vcc 
vcc 


4.50 
4.75 


5.0 
5.0 


5.50 
5.25 


V 
V 


Input High Voltage 

(G Pin 22 and W Pin 27) 


V|H 
V IHH 


2.0 
11.0 


_ 


6.0 
17.0 


V 
V 


Input Low Voltage* 


V| L 


-0.1 


- 


0.8 


V 



■■The device will withstand undershoots to the -0.4 V level for a maximum duration of 10 ns. 



DC OPERATING CHARACTERISTICS 



Characteristic 


Condition 


Symbol 


Min 


Typ 


Max 


Unit 


Input Leakage Current (A0-A11, E) 


v in = V C c Max 


l.nl 


- 


- 


10 


M A 


Input Leakage Current (G,W) 


V in =17V 


hn2 


- 


- 


10 


„A 


Output Leakage Current DQ0-DQ7) 


Vout=VccMa*. G = V| H 


'L01 


- 


- 


10 


^A 


Output Leakage Current (DQ0-DQ7) 


V out = 0.4V, G = V| H 


IL02 


- 


- 


10 


MA 


Vqc Supply Current, Standby 


E=V| H , G = V| L 


>CC1 


- 


- 


35 


mA 


Vcc Supply Current, Active (Read) 


E = V|(_, G = V| L , W=V )H 


to 


- 


- 


120 


mA 


Vcc Supply Current, Active 
(Erase/ Write) 


See Mode Selection Table 


to 


" 




130 


mA 


Output Low Voltage 


lOL = 2.1 mA 


vol 


- 


- 


0.4 


V 


Output High Voltage 


lOH = -400^A 


VOH 


2.4 


- 


- 


V 



CAPACITANCE (f = 1.0 MHz, T A = 25°C, Periodically Sampled 
Rather than 100% Tested) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance 


Gin 


5 


10 


PF 


Output Capacitance 


Gout 


- 


10 


PF 



FIGURE 1 - AC TEST LOAD 




R L = 2.2k 



Test Point o 



100 pF'^ 



MMD6150 
or Equiv. 



MMD7000 
or Equiv. 



"Includes Jig Capacitance 
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MCM2833 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



AC Test Conditions 

Input Transition Times: 5 ns<t r =tf<10 ns 

Input Pulse Transition Levels: 0.45 Volts (V||_) to 2.4 Volts (V|h) 

Output Load: See Figure 1 



Test Timing Measurement 
Reference Levels 



Input 1 Vand2V 

Output 0.8 V and 2 V 



READ OPERATION (W = V IH ) 



Parameter 


Condition 


Symbol 


MCM2833-15 


MCM2833-20 


Unit 


Notes 


Min 


Max 


Min 


Max 


Address Valid to Output Valid (Address Access Time) 


E = G = V, L 


tAVQV 


- 


150 


- 


200 


ns 


- 


Output Enable to Output Valid (Output Enable Access Time) 




l GLQV 


- 


70 


- 


75 


ns 


- 


Chip Enable to Output Valid (Chip Enable Access Time) 




*ELQV 


- 


150 


- 


200 


ns 


- 


Output Disable to Output High Z 


E = V| L 


tGHQZ 





60 





60 


ns 


3 


Chip Disable to Output High Z 


G = V| L 


l EHQZ 





60 





60 


ns 


3 


Address Invalid to Output Invalid 




tAXQV 





- 





- 


ns 


- 



NOTE: 
3. The parameters tQ^Qz and .trfHOZ mav define the time at which the outputs achieve the open or High Z state and are not referenced to ; 
level. 




A (Address) 



E (Chip Enable) 



G (Output Enable) 



Q (Data Out) 



X 



READ MODE TIMING DIAGRAM 

< *AVQ V >• 



Address Valid 



-tELQV- 



-tGLQV- 



-HighZ- 



X 



tEHQZ-* 
tAXQX 



■*GHQZ- 



> 



"-V|H 
_-V|L 



-V|H 
-V|L 



— V| H 

— V|L 



HighZ- 



— VOH 



— vol 
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AC WRITE OR ERASE CHARACTERISTICS [G = V| H During Write or Word Erase (I)] 



Parameter 


Symbol 


Min 


Max 


Unit 


Address Valid to Chip Enable (Address Setup Time) 


*AVEL 





- 


ns 


Write Enable to Chip Enable 


l WLEL 





- 


ns 


Chip Enable to Address Don't Care 


tELAX 


150 


- 


ns 


Write High to Data Don't Care 


tWHDX 


20 


- 


ns 


Data Valid to Write High 


tDVWH 


100 


- 


ns 


Write Enable Pulse Width 


tWLWH 


150 


- 


ns 


Write Enable Hold Time 


tELWH 


150 


.- 


ns 


Chip Disable to Chip Enable (Enable Latch Setup Time) 


l EHEL 


350 




. ns 


Write or Erase Time (MCM2833-15, -20) 
(Chip Enable Pulse Width) (MCM2833-15-5, -20-5) 


{ ELEH 
l ELEH 


9 
25 


25 
50 


ms 

ms 


Data Latch Time 


tWHWX 


50 


- 


ns 


Output Enable to Chip Enable 


tGHEL 





- 


ns 


Output Enable Hold Time 


*ELGL 


150 


- 


ns 



WORD ERASE (I) OR WRITE WAVEFORMS 



tAVEL- 



■< *> 



E (Chip Enable) 



W (Write Enable) 



G (Output Enable) 



tWLEL- 



tGHEL ** — *■ "*— *ELGL 



\ 



-tELAX- 



— V| H 
-V|L 



-lELEH- 



< tEHEL- 



/ A: 



*ELWH 
tyVLWH *• 



X 



tDVWH- 



tWHWX 



V|H 
V|L 

-V|H 
-V|L 




■tWHDX 



-V| H 
— V| L 

— VlH 
— V|L 



l Data in during Word Erase (I) (DQ0-DQ7) = Vm 
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FUNCTIONAL DESCRIPTION 



All inputs for the operating modes are TTL levels with the 
exception of bulk and page erase. 

READ MODE 

The MCM2833 uses 2-line control architecture for read 
operation to avoid bus contention problems. Data is 
available at the Data outputs of the selected device at t/w/QV 
with Chip Enable (E), and Output Enable (G) at V||_ or, at 
tQLQv with Chip Enabled (E), and address stable. In the read 
mode the device can be accessed similar to a static RAM. 
This can be done by holding Chip Enable active low and sup- 
plying the next address locations in a ripple through fashion 
with the next access determined by tAVQV- The outputs of 
two or more EEPROMs may be Or-tied to the same data bus. 
Only one EEPROM should have its outputs selected to pre- 
vent data bus contention between two devices in this con- 
figuration. The outputs of other EEPROMs should be 
deselected with the Output Enable (G) or Chip Enable (E) in- 
put at a high TTL level. 

STANDBY MODE 

The Standby mode of the MCM2833 is achieved by apply- 
ing a TTL high signal (Vjh) to Chip Enable (E) input. When 
the device is in the Standby mode, the outputs are in the 
high impedance state, independent of the Output Enable (G) 
input. When the MCM2833 is placed in the Standby mode, 
the active power dissipation is reduced by 72%. 

WRITE OR ERASE 

After each erasure, all bits of the selected byte(s) are in the 
"1" state. Data is introduced by selectively programming 



(writing) "Os" into the desired bit locations. Although only 
"Os" will be programmed (written), both "1s" and "Os" can 
be presented in the data word. The only way to change a "0" 
to a "1" is by electrical erasure. 

Write or Erase Mode selection is controlled by applying the 
required_sequence of signals. to the device. The Output 
Enable (G), Write Enable (W), and A0-A11 address inputs 
are latched on the falling edge of Chip Enable (Eh DQ0-DQ7 
are latched on the rising edge of_Write Enable (W). To enter 
new address, control (G and W), and/or data, the Chip 
Enable (E) signal must be clocked to V|h for >350 ns 
ltEHEL>' otherwise, the previous address and data may stay 
latched and inhibit the entry of the new information. 



WRITE OR ERASE INHIBIT 

Programming (writing) or erasure of multiple EEPROMs in 
parallel is easily accomplished. Except for Chip Enable (E), all 
like inputs of the parallel devices may be common. A high 
level on the Chip Enable (E) input inhibits the EEPROM from 
being programmed (written) or erased. 

WRITE OR ERASE VERIFY 

To determine that the word(s) was correctly programmed 
(written) or erased, a normal read operation can be per- 
formed. A read following after a write or erase cycle will re- 
quire that Chip Enable (E) goes to Vm and is held for >350 
ns 'tEHEL.' and that Write Enable (W) is_at a "1" and Output 
Enable (G) at a "0" when Chip Enable (E) goes to V|[_ at the 
beginning of a read cycle. The data addressed will be valid on 
output lines at tgLQv access time after Chip Enable (E) goes 
low. 




AC CHARACTERISTICS, SPECIAL ERASE MODE 



Mode 


Symbol 


Min 


Max 


Unit 


Address Valid to Chip Enable (Address Setup Time) 


tAVEL 





- 


ns 


Output Disable to Chip Enable 


l GHEL 





- 


ns 


Data Valid to Chip Enable 


tDHEL 





- 


ns 


Write Enable to Chip Enable 


tWLEL 





- 


ns 


Chip Enable to Address Don't Care 


tELAX 


150 


- 


ns 


Chip Enable to Output Enable Don't Care 


tELGX 


150 


- 


ns 


Chip Enable to Data In Don't Care 


tELDX 


150 


- 


ns 


Chip Enable to Write Enable Don't Care 


tELWX 


150 


- 


ns 


Chip Disable to Chip Enable (Enable Latch Setup Time) 


l EHEL 


350 


- 


ns 


Write or Erase Time (MCM2833-15, -20) 
(Chip Enable Pulse Width) (M CM 2833- 15-5, -20-5) 


l ELEH 
tELEH 


9 

25 


25 
50 


ms 
ms 


Write Disable to Chip Enable 


l WHEL 





- 


ns 


Data Latch Time 


'WHWX 


50 


- 


ns 


Data In High to Write High 


tDHWH 


100 


- 


ns 


Write High to Data Don't Care 


tWHDX 


20 


- 


ns 
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MCM2833 

SPECIAL MODE SECTION 
SPECIAL MODE SELECTIONS <V| H h= 11 V to 17 V) 





Pin Number and Function 


Notes 


Special Modes 


11-13, 15-19 
DQ0-DQ7 


Pin 20 
E 


Pin 22 
G 


Pin 27 
W 


Word Erase (II) 


V|H 


V|L 


V|H 


V IHH 


- 


Page Erase (Row) 


V|H 


V|L 


V|HH 


V|HH 


4 


Page Erase (Column) 


V|H 


V|L 


V|HH 


V|H 


5 


Bulk Erase 


V|H 


V|L 


V|HH 


V|L 


- 



NOTES: 

4. Row Page Erase Mode: There are 128 rows containing 32 bytes each. Individual rows are selected with addresses A5-A1 1 (A0-A4 are don't 
care). 

5. Column Page Erase Mode: There are 32 columns containing 128 bytes each. Individual columns are selected with addresses A0-A4 (A5- 
A11 are don't care). 



WORD ERASE (II) 



E (Chip Enable) 



W (Write Enable) 



G (Output Enable) 



E (Chip Enable) 



W (Write Enable) 



G (Output Enable) 



tAVEL- 



X 



V 



tWHEL-* 




tGHEL- 




tDHEL I 




-tELAX- 



-tELEH- 



-tELWX 



-tELGX- 



■tELDX" 



VWEL- 



X 



BULK ERASE 

-tELAX- 



tWLEL 




\ 



- l ELEH 



'ELWH- 



/ 



-tELGX- 



■ tGHEL 
'DHWH 



-tEHEL- 



-tEHEL- 



tWHWX 



l WHDX 



-V|H 
-V|L 



/ \=: 




— V|HH 
.— V|L 



V|H 
;— V|L 



-V|H 
-V|L 



-V|H 
-V| L 




/ \=: 




-V|H 
-V|L 

V IHH 
— V|L 

-V|H 
-V|L 
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MCM2833 



A (Address) 



E (Chip Enable) 



W (Write Enable) 



G (Output Enable) 



tAVEL- 



X 



tWHEL- 



\ 




'GHEL- 




'DHELf 




ROW PAGE ERASE 
(A0-A4 = Don't Care) 

— tELAX- 



Valid 



-tELEH- 



-tELWX 



-tEHEL- 



/ \ 




-'ELGX- 




•<- tELDX *• 




"— V| H 
_-V|L 

— V| H 
_— Vil 

-V|HH 

-V|L 

-V|HH 

-V|L 

-V|H 
— V|L 



COLUMN PAGE ERASE 
(A5-A1 1 = Don't Care) 




E (Chip Enable) 



W (Write Enable) 



G (Output Enable) 
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MOTOROLA 



MCM2864 



Product Preview 



SMART 64K-BIT ELECTRICALLY ERASABLE PROM 

The MCM2864 is a 65,536-bit Smart Electrically Erasable Program- 
mable Read Only Memory (E2pR0M) designed for handling data in ap- 
plications requiring both nonvolatile memory and in-system reprogram- 
ming. 

The MCM2864 improves processor throughput by reducing the 
system overhead due to its in-system transparent erase-before-write 
capability. The device operates from a single + 5 V power supply in the 
read and smart write mode. Word read and write can be controlled en- 
tirely by TTL signal levels. 

To ease system design, the high voltage needed by the device for the 
smart write cycle is generated internally. Another ease-of-use feature is 
the choice of erase modes (bulk, byte, row, or column) to optimize 
system erase/write time. For microprocessor compatibility, on-chip 
latches are provided for addresses, data, and controls allowing the 
microprocessor to perform other task s while the MCM2864 is program- 
ming itself by the provision of a RDY/BUSY function to indicate status. 

The MCM2864 is fabricated using Motorola's FETMOS technology 
(Floating-gate Electron Tunneling MOS), which has the advantages of 
good data retention, good endurance, and conventional processing. 

The device pinout is part of Motorola's industry standard byte wide 
Nonvolatile Memory family, providing cost-effective density upgrades. 

• Single +5 Volt Power Supply 

• Organized as 8192 Bytes of 8 Bits 

• 



Fast Access Time of 200 ns Maximum 

Low Power Dissipation 

In-System Automatic and Transparent Erase Before Write 

RDY/BUSY Function to Indicate Status 

Data Protected During Power Up and Power Down 

10,000 Write Cycles Per Byte 

Data Integrity of 10 Years 

Latched Address, Data, and Controls During Write 

Chip Enable and Output Enable for Two Line Bus Control 

10 ms for Byte Write and Internally Timed 

28-Pin JEDEC Standard Pinout 

Internal Automatic Erase/Write Verify 



FETMOS 
(Floating- Gate Electron Tunneling MOS) 

Poly Oxide Thin Oxide 



1st Poly 




HMOS 

(N-CHANNEL, SILICON GATE) 

8192 x 8-BIT 

ELECTRICALLY ERASABLE 

PROGRAMMABLE READ 

ONLY MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE - CASE 719 



RDY/BUSY C 
A12[ 
A7[3 
A6[4 



A5[ 

A4[6 

A3[7 

A2[8 

A1C 

A0[10 

DQ0C11 

DQ1[12 

DQ2[ 

vssC 



PIN ASSIGNMENT 

— w 



28 ]V CC 

]w 

3n/c* 

25DA8 
]A9 
]A11 



22 ]G 



21 ]A10 

20 ]E 

]DQ7 

]DQ6 

]DQ5 

]DQ4 

15 ]DQ3 



1 For normal operation, pin 26 can be tied to 
Vss orVrjc- 



PIN NAMES 

A Address 

DQ Data Input/ Output 

E_ Chip Enable 

G_ Output Enable 

W. . . .. Write Enable 

RDY/BUST Ready/Busy 

N/C No Connect 

Vrx +5V Power Supply 

V$s Ground 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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MOTOROLA 



128c X 7 X 5 CHARACTER GENERATOR 

The MCM6670 is a mask-programmable horizontal-scan (row 
select) character generator containing 128 characters in a 5 X 7 
matrix. A 7-bit address code is used to select one of the 128 available 
characters, and a 3-bit row select code chooses the appropriate row 
to appear at the outputs. The rows are sequentially displayed, 
providing a 7-word sequence of 5 parallel bits per word for each 
character selected by the address inputs. 

The MCM6674 is a preprogrammed version of the MCM6670. 
The complete pattern of this device is contained in this data sheet. 

• Fully Static Operation 

• TTL Compatibility 

• Single ±10% +5 Volt Power Supply 

• 18-Pin Package 

• Diagonal Corner Power Supply Pins 

• Fast Access Time, 350 ns (max) 



ABSOLUTE MAXIMUM RATINGS (See Note 1) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



NOTE 1 : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 









BLOCK DIAGRAM 






— 012 DO 
— O 13 D1 
— 14 D2 
— O 15 D3 
— O 16 D4 






Output 
Buffers 


AO 7 O— 
A1 6 O— 
A2 5 O— 
A3 4 C— 
A4 3 O— 
A5 2 O— 
A6 1 O— 


Address 
Decode 




Memory 
Matrix 




Row 
Decode 


















6 6 6 


I 


11 10 8 
RS1 RS2 RS3 


Chip 
Select 


v C c- p 

Gnd - F 


in 9 












6 

17 
CS 



MCM6670 
MCM6674 



MOS 



(N-CHANNEL, SILICON GATE) 



128c x 7 x5 

HORIZONTAL-SCAN 

CHARACTER GENERATOR 



L SUFFIX 

CERAMIC PACKAGE 
CASE 680-06 





P SUFFIX 

PLASTIC PACKAGE 
CASE 707-02 



PIN ASSIGNMENT 



A61 1^ 
A5[ 2 
A4I 3 



A3[ 
A2I 
A1[ 
A0I 
RS3[ 
GNDI 



]VCC 
1CS 



16 ]D4 
15 ]D3 
14 ]D2 
13 ID1 
12 ]D0 
11 ]RS1 
10 ]RS2 




This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISES 

(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nam 


Max 


Unit 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


Vdc 


Input High Voltage 


V|H 


2.0 


"- 


5.5 


Vdc 


Input Low Voltage 


V|L 


-0.3 


- 


0.8 


Vdc 


DC CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current 

(V in = 0to5.5V) 


'in 


- 


- 


2.5 


MAdc 


Output High Voltage 
(I oh = -205mA) 


V H 


2.4 


- 


v C c 


Vdc 


Output Low Voltage 
(l L = 1.6 mA) 


vol 


- 


- 


0.4 


Vdc 


Output Leakage Current (Three-State) 

(CS = 2.0 V or CS = 0.8 V, V out = 0.4 V to 2.4 V) 


lLO 


- 


- 


10 


MAdc 


Supply Current 

(V CC = 5,5 V,T A =0°C) 


ice 


- 


— 


130 


mAdc 



CAPACITANCE (T A = 25°C,f= 1.0 MHz) 



Characteristic 


Symbol 


Typ 


Unit 


Input Capacitance 


Cin 


5.0 


pF 


Output Capacitance 


Gout 


5.0 


pF 




6-4 



MCM6670*MCM6674 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



AC TEST LOAD 



AC TEST CONDITIONS 



Condition 


Value 


Input Pulse Levels 


0.8 V to 2.0 V 


Input Rise and Fall Times 


20 ns 


Output Load 


1 TTL Gate and C L = 30 pF 



5.0 V 

R L = 2.5 k 



Test Point o— . . ft MMD6150 

■ or Equiv 

30pF ;fc £ 11.7 k ,. 

J - MMD7Q00 
yj or Equiv 



AC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Cycle Time 


tyc 


350 


- 


ns 


Address Access Time 


l acc(A) 


- 


350 


ns 


Row Select Access Time 


tacc(RS) 


- 


350 


ns 


Chip Select to Output Delay 


tCO 


- 


150. 


ns 



TIMING DIAGRAM 











t 


































Address p£ 


"2.0 V 
r-0.8 V 


-■ 


K 
























X 


L 2.0V 
.0.8 V 


j 


X 












-88888888^ 


^2.0 V 


0.8 V - 
20 ^ 


=^££^^& 








^0.8 V 






-i^£&^ 


mmxmm 








-^mmmmmmx* 


~2.4 V 
S 04 V 


Data Valid 


mm 




= Don't Care 
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CUSTOM PROGRAMMING FOR MCM6670 



By the programming of a single photomask, the cus- 
tomer may specify the content of the MCM6670. En- 
coding of the photomask is done with the aid of a com- 
puter to provide quick, efficient implementation of the 
custom bit pattern while reducing the cost of implemen- 
tation. 

Information for the custom memory content may be 
sent to Motorola in the following forms, in order of 
preference: 

1. Hexadecimal coding using IBM Punch Cards (Fig- 
ures 3 and 4). 

2. Hexadecimal coding using ASCII Paper Tape Punch 
(Figure 5). 

Programming of the MCM6670 can be achieved by 
using the following sequence: 

1. Create the 128 characters in a 5 x 7 font using 
the format shown in Figure 1. Note that information at 
output D4 appears in column one, D3 in column two, 
thru DO information in column five. The dots filled in 
and programmed as a logic "1" will appear at the outputs 



as VfjH; the dots left blank will be at Vql^ RO is always 
programmed to be blank (Vol)- (Blank formats appear at 
the end of this data sheet for your convenience; they are 
not to be submitted to Motorola, however.) 

2. Convert the characters to hexadecimal coding treat- 
ing dots as ones and blanks as zeros, and enter this infor- 
mation in the blocks to the right of the character font 
format. The information for D4 must be a hex one or 
zero, and is entered in the left block. The information for 
D3 thru DO is entered in the right block, with D3 the 
most significant bit for the hex coding, and DO the 
least significant. 

3. Transfer the hexadecimal figures either to punched 
cards (Figure 3) or to paper tape (Figure 5). 

4. Transmit this data to Motorola, along with the 
customer name, customer part number and revision, and 
an indication that the source device is the MCM6670. 

5. Information should be submitted on an organiza- 
tional data form such as that shown in Figure 2. 



FIGURE 1 -CHARACTER FORMAT 



ROW SELECT 
TRUTH TABLE 



RS3 


RS2 


RS1 


OUTPUT 











RO 








1 


R1 





1 





R2 





1 


1 


R3 


1 








R4 


1 





1 


R5 


. 1 
1 


.. ,1 
1 




1 


R6 
R7 



nh^rtpr H^ ^CusrmeiZMP uV nh a , a » a , n>^ r (C(/5l~0MeKlU? (Jt) 



RO □ 
R1 □ 



□ B 



R5 na 



MSB LSB HEX 

DDDD 
DEIDD 
DED 

DDDS 
DDDB 



DDDI 
DDDI 









o 


4 





A 


1 


1 


1 


1 


( 


F 


1 


t 


1 


1 



MSB LSB HEX 



roDDDDQ 



R2 g3 



HDD 



R6 |3 

R? ia 

D4 



DDDD 
DD 
REDD 
DDDD 
DDDD 









1 


F 


/ 





1 





1 


c 


1 





1 





1 


p 



FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 








ORGANIZATIONAL DATA 






MCM6670 MOS READ ONLY MEMORY 


Customer: 












Motorola Use Only: 




Company 










Part Nri 






Onntp- 




Part Nn 












Spenf. No : 




Phone No. 






Chip-Select Options: 




Active High Active Low No-Connect 
1 




CS 


□ □ D 
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FIGURE 3 - CARD PUNCH FORMAT 



Columns 

1-9 Blank 

10-25 Hex coding for first character 

26 Slash (/) 

27-42 Hex coding for second character 

43 Slash (/) 

44-59 Hex coding for third character 

60 Slash (/) 

61-76 Hex coding for fourth character 

77-78 Blank 

79-80 Card number (starting 01 ; thru 32) 



Column 10 on the first card contains either a zero or 
a one to program D4 of row R0 for the first character. 
Column 11 contains the hex character for D3 thru DO. 
Columns 12 and 13 contain the information to program 
R1. The entire first character is coded in columns 10 thru 
25. Each card contains the coding for four characters; 
32 cards are required to program the entire 128 characters. 
The characters must be programmed in sequence from 
the first character to the last in order to establish proper 
addressing for.the part. Figure 3 provides an illustration of 
the correct format. 



FIGURE 4 - EXAMPLE OF CARD PUNCH FORMAT 
(First 12 Characters of MCM6670P4) 



^ 



I I 



D00000000||00000000000000|||00 0|0|0|0|0| 0|||||0|0|0|0|0|000||||0|0|0|0|0|00000|0 

I 2 1 4 i I 7 I 1 10 It II DM IS II I) » II !0 II 22 2324 2521 27 2I2IS0 31 32 33 34 15)137 Mil 4142 ISM 4546 47 41415051 5253 54 »5t 57 SI »U (I 12 I3M65H67 6I IS 70 71 72 73 74 7571 71 TIKI* 

H n 1 1 •nii|i|||||||||||i|. i|i|i|i| ,|i|i|i|n 1111111111111 1 ■ i n| t| i|i | i|i ||i nil 

2222222222222222222222222222222222222222222222222222222222 2 222222222222222222222 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
4444444444444444444444444444444444444444444444|4|4|4|4|4|444444 44444444444444444 
5555S555555555555555555555555555555555555555555555555555555555555555555555555555 
6 66 66 6 6666 6 6|6 6 6 56 E 6 6 6 6 6| 6 6 6 6| 6 666666666 666666666866666 666 1 E 6 S 6 6 6 6 S 6 6 6 6 6 6 B G 1 6 S SS 
777777777777777 77 7 77 77 7777777777777777777777777777777777777777 777777777777777777 
8 1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 1 1 1 1 
9999999999999999S99999999999999999999999999999999999999999S339999S99999999999S99 

I 2 3 4 5 1 7 I 9 10 11 12 ISM 1516 IJ HII 20 21 22 23 24 25 21 2/ 21 21 30 31 32 33 34 35 31 37 31 39 40 41 52 S3 M 55 56 57 5S ? S3 r. f r : V '.I «'£:■ 70 71 72 73 74 757I777I7IM 
GLOSES-I STANOARD FORM ____ 



FIGURE 5 - PAPER TAPE FORMAT 



Frames 
Leader Blank Tape 

1 to M Allowed for customer use (M <64) 

M + 1 , M + 2 CR; LF (Carriage Return; Line Feed) 
M + 3 to M + 66 First line of pattern information 

(64 hex figures per line) 
M + 67, M + 68 CR;LF 

M + 69 to Remaining 31 lines of hex figures, 

M + 2114 each line followed by a Carriage Re- 

turn and Line Feed 
Blank Tape 

Frames 1 to M are left to the customer for internal 
identification, where M<64. Any combination of alpha- 
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, delineating the 



start of data entry. (Note that the tape cannot begin with 
a CR and/or LF, or the customer identification will be 
assumed to be programming data.) 

Frame M + 3 contains a zero or a one to program D4 
of row R0 for the first character. Frame M + 4 contains 
the hex character for D3 thru DO, completing the pro- 
gramming information for RO. Frames M +5 and M + 6 
contain the information to program R1. The entire first 
character is coded in Frames M + 3 thru M + 18. Four 
complete characters are programmed with each line. A 
total of 32 lines program all 128 characters (32 x 4). 
The characters must be programmed in sequence from the 
first character to the last in order to establish proper 
addressing for the part. 
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The formats below are given for your convenience in preparing character information for MCM667Q programming. THESE 
FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom Pro- 
gramming instructions for detailed procedures. 



Character Number 



Character Number . 



Character Number . 



Character Number . 



MSB LSB HEX 



MSB LSB HEX 



R2Q 
R5Q 



R7Q 



DDDDD 

R iDDDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDD 
DDDD 



DDI 



o o 



DD 



R2Q 
R3fJ 
R4Q 

R5 g 

R6 

R?g 



DDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 

DDD 
DDDD 



DD 



o o 



roQ 
B1 D 

R2 Q 
R3 
R4Q 
R5Q 
R6fJ 

R?rj 

D4 



MSB LSB HEX 

DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



o o 



RO □ 
R1 D 

R2 □ 
R3 □ 
R4 □ 
R5 Q 
R6 □ 
R7 □ 



MSB LSB HEX 

DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 







Character Number 



Character Number . 



Character Number 



Character Number 



MSB LSB HEX 



MSB LSB HEX 



MSB LSB HEX 



DD 



R1Q 
R2Q 
R3^ 
R4g 
R5Q 



'DD 

D 

D4 



DDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 

DDD 
DDDD 



o o 



DD 



RiD 
R2Q 

R3D 

R4[] 
R5[] 



DD 



r?d 

D4 



DDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 

DDD 
DDDD 



o o 



DD 



R1 □ 
R2Q 

R3Q 

R4Q 
R5Q 
R6G 
R7Q 



DDD 

DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



o o 



ROD 

R1 D 

R2 □ 
R3 □ 
R4 □ 
R5 □ 



R7 Q 



MSB LSB HEX 

DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDD 
DDDD 



DD 






































Character Number . 



Character Number 



Character Number 



Character Number 



MSB LSB HEX 



MSB LSB HEX 




R °ODDDD 

^DDDDD 
R2 Dp DDD 
R3 ODDDD 
R4DDDDD 
R5 DDDDD 
KeDpDDD 
^DDODD 



Character Number 



R °DDDDD 
^DDDDD 
R2DDDDD 
R3 DDODD 
R4DDDDD 
^DDDDD 
ReDDDDD 
R7 Dp DDD 



o o 



MSB LSB HEX 







DDD 



RiD 
R2Q 

R3Q 
R4Q 

R5D 

R6 

r?d 



DD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDD 
DDDD 



DD 



Character Number . 



DD 



RiD 

R2Q 

R3 D 

R4Q 

R5D 

R6 

r?D 



DDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 

DDD 
DDDD 



DD 



o o 



MSB LSB HEX 



O 



ROQ 
R1 □ 

R2Q 
R3Q 
R4Q 
R5D 
R6D 
R?D 



MSB LSB HEX 

DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



o o 



Character Number . 



RoQ 

R1 □ 
R2Q 

Ran 

R4 D 

R5D 
R6D 
R?D 



MSB LSB HEX 

DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



o o 



RO □ 

R1 D 

R2 Q 
R3 □ 
R4 □ 
R5 □ 

R6D 
R7 □ 



MSB LSB HEX 

DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



o o 



Character Number 



MSB LSB HEX 



RO □ 



DD 



R2 □ 
R3 □ 

R4 D 
R5 [] 

R6 [] 
R7 □ 



DDDD 

DDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



o o 
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MCM6670«MCM6674 



FIGURE 6 - MCM6674 PATTERN 





V.A3.. 


A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


A6 . . . A4\^ 


D4 . . . DO 


D4 . . . DO 


D4 ... DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 


D4 . . . DO 






RO 


OOOOO 


aoaoa 


DOOOO 


DDODO 


OOOOO 


DOODD 


DODDO 


OOODD 


ODODD 


OODOO 


ODOOO 


OOOOO 


OOOOD 


ODODD 


DODDO 


OOOOO 










■ ■■■I 


BBBBB 


ODBDO 


OODOB 


OBODO 




OODDD 


OBBBD 


ODBOO 


OOOOD 


BBBBB 


ODOOO 


DOBOO 


ODODD 


OBBBO 


OBBBO 










■ DOOI 


■dooo 


OOBDO 


OOODB 


OOBDO 


■ OOOB 


OODGB 


BODOB 


OBODO 


ODBDO 


OOOOO 


ODBOO 


BOBOB 


ODBDD 


BOOOB 


BOOOB 






000 




•OODI 


■oooo. 


ODBDO 


OOODB 


ODOBD 


BBOBB 


DOOBO 


BODOB 


BBBBO 


DDDID 


DOOOD 


ODBDO 


OBBBO 


OBODO 


■ BOBB 


BOODB 








■oaiaa 


■oooo' 


ODBDO 


OOODB 


OBBBB 


BDBDB 


BOBOO 


BBBBB 


OBDOB 


■ ■■■I 


BBBBB 


BDBDB 


OOBOD 


BBBBB 


BDBDB 


BOBOB 










■ ODD! 


■aooo 


OOBDO 


DDOOB 


OOBDO 


BBOBB 


BIOOO 


OBDBO 


OOBOB 


OODBO 


OOOOO 


OBBBO 


BOBOB 


OBOOO 


BBOBB 


BDDDB 










■ OODI 


■ooao 


OOBDO 


OOODB 


DOOBD 


BOODB 


BODDO 


OBDBD 


ODDOB 


DDBOO 


OOOOD 


ODBOO 


DBBBO 


ooaoa 


BDOOB 


BOOOB 








R7 


■ ■■■■ 


■oooo 


BBBBB 


BBBBB 


OOOOB 


BBBBB 


DOODO 


BBOBB 


OOOOB 


ODDDO 


BBBBB 


ODODD 


DOBOO 


OOODO 


OBBBO 


DBBBO 






RO 


DOODO 


ooood 


OODOO 


.oaaao 


ODOOO 


OOOOO 


DOOOD 


OODDD 


ODODO 


DDDDD 


OOOOO 


OOOOO 


DDDOO 


ooooo 


OOOOO 


OOOOO 










OBBBD 


OBBBO 


OBBBO 


OBBBD 


DDDDD 


DBBBO 


OODOB 


BBBBB 


DOBDD 


OBBBO 


OBBBO 


BBBBB 


BBBBB 


BBBBB 


BBBBB 












BOBDB 


BOODB 


BODOB 


BOBDB 


OOBOB 


DBOBO 


OODOB 


BDDDB 


DOBDD 


BOODB 


BDOOB 


BOBOB 


■ DODB 


BDOOB 


BDBDB 






001 






■ DID! 


BOOOB 
BOBBB 


BDOOB 


BOBDB 


OOOBO 


DBOBO 


DODOB 


DBOBD 


DBBBD 


BODDD 


BDOOB 


BOBOB 


BOOOB 


BOODB 


BDBDB 








■ OODI 

■ ODD! 


BOBBB 


BBBGB 


■ ■■OB 


BOBOB 


aiaiD 


Hill 


DDBDD 


DBBBD 


uaoon 


BBBBB 


BBBOB 


BIBOB 


■ Dill 


BOBIB 










■ OOOB 


BDBDB 


BDBDB 


BOODB 


BBOOO 


OBDBD 


OOOOB 


OBDBO 


DOBOO 


OOBOD 


BDOOB 


BDDDB 


BOBDB 


BOBOB 


BDDDB 










BOOOB 


BDBDB 


BOBDB 


BOODB 


BOOOO 


OBDBD 


OOOOB 


BOODB 


OOBOD 


OOOOO 


BDOOB 


BOODB 


■ OBOB 


BOBDB 


BDDDB 








R7 


BBBBB 


OBBBO 


OBBBO 


OBBBD 


OBBBO 


DOODO 


BBOBB 


OOODB 


BBBBB 


DOBDD 


DOBOO 


OBBBO 


BBBBB 


BBBBB 


BBBBB 


BBBBB 






RO 


ooooo 


OOOOO 


DOOOD 


DDODO 


DOOOO 


DDODO 


DDODO 


DODOO 


DDOOD 


ODDOO 


DDODO 


DDODO 


ODOOO 


ODDDD 


ODOOD 


ODDDO 








oaooo 


OOBOD 


DBOBD 


OBDBD 


DOBOO 


BBODO 


OBODO 


OBBOO 


DDOBO 


DBODD 


DDBDD 


OOOOO 


OOOOO 


ODODO 


OOOOD 


ODDOO 










OODDD 


OOBOD 


OBDBD 


DBOBO 


OBBBB 


BBODB 


■ OIOO 


OBBOO 


DOBDD 


DOBOO 


BOBOB 


DOBDD 


ODOOD 


OOODO 


DOOOO 


OOODB 






010 




DD0OD 


OOBOD 


OBDBD 


■ BBBB 


BOBOO 


DOOBO 


■ DIDO 


OBDOD 


DBOOD 


OODBO 


DBBBO 


DDBDD 


OOOOO 


ODODD 


OOOOD 


OODBO 








DODOO 


OOBOD 


ODODO 


DBOBO 


DBBBD 


DDBDD 


OBDOD 


BOOOO 


OBODO 


ODOBD 


BBBBB 


BBBBB 


OBBOO 


BBBBB 


OOOOO 


DOBOO 










DDOOD 


OOBOD 


ODDOO 


■ BBBB 


OOBOB 


OBODO 


BOBDB 


DDOOD 


DBOOO 


OOOBO 


DBBBO 


OOBDO 


DBBOD 


DOOOO 


OOOOO 


OBODD 










DDDDD 


OOOOO 


DDOOD 


DBOBO 


■■■•a 


■ DDII 


BOOBO 


DOODD 


OOBDO 


DDBDD 


BDBDB 


DOBOO 


DBOOO 


ODDDD 


OBBOD 


BDODD 








R7 


oooao 


OOBQD 


ODOOD 


DBOBD 


ODBDO 


ODOBB 


OBBOB 


DDDDD 


DODBO 


OBODO 


DOBOO 


DDODO 


BDOOO 


DOOOO 


OBBOO 


OOOOO 






RO 


OOOOO 


OOOOO 


ODDDD 


ODDDD 


DOOOD 


DOODD 


ODDOO 


OOOOO 


DOOOO 


OOOOO 


OOOOD 


DOOOO . 


ODOOO 


ODDDO 


OOOOO 


OOOOD 








obbbo 


OOBOD 


OBBBD 


OBBBO 


OOOBO 


BBBBB 


OOBBD 


BBBBB 


OBBBD 


OBBBD 


DODDO 


OBBOD 


OOOBO 


OOODD 


OBDOD 


OBBBD 










■aaoi 


OBBOO 


■ OOOB 


■ OOOB 


OOBBO 


■ DODO 


OBDOD 


OOOOB 


■ DDDI 


BDOOB 


OBBOO 


OBBOD 


OOIDD 


OOOOO 


ODBDO 


■ OOOB 






011 




■ DDII 


DOBOO 


DDOOB 


OOODB 


DBOBO 


BBBBO 


BDODD 


ODOBD 


BOODB 


BDOOB 


OBBOO 


DOOOD 


OBDOD 


BBBBB 


OOOBO 


OOODB 








■obob 


OOBOD 


DBBBD 


OOBBO 


BDDBD 


DDOOB 


BBBBO 


DDBOO 


OBBBD 


OBBBB 


ODOOO 


OBBOO 


BDOOO 


OOODD 


OOOOB 


DOOBO 










■■GDI 


OOBOD 


BDOOO 


OOOOB 


BBBBB 


ODODB 


BODOB 


DBOOD 


BDOOB 


OOODB 


OBBOO 


OBBOD 


DBOOO 


BBBBB 


DOOBD 


DDBOO 










■ DDDI 


OOBOD 


■ DOOO 


BODOB 


OODBO 


BOOOB 


BOODB 


BDODD 


BDDDB 


OOOBO 


OBBOD 


DBOOD 


ODBOO 


ODODO 


OOBOD 


OOOOD 








R7 


OBBBD 


DBBBD 


■ ■■■■ 


OBBBD 


OOOBO 


DBBBD 


DBBBD 


BODDO 


DBBBO 


OBBOO 


DOOOD 


BDODD 


OODBO 


OOODO 


DBODD 


ODBOD 






RO 


DOOOO 


DDDDD 


DDOOD 


OOOOO 


DOOOO 


DOOOO 


OOOOO 


DOODO 


DOOOD 


OOOOO 


OOOOO 


ODDOO 


ODDOO 


OOOOD 


DOODD 


DOOOD 








OBBBO 


ODBOO 


■ BBBD 


OBBBO 


BBBBD 


BBBBB 


■ BBBB 


OBBBB 


BOODB 


OBBBO 


DDOOB 


BOOOB 


BDODD 


BOODB 


BDOOB 


OBBBO 










■ ODD! 


OBDBD 


DBDDB 


BDDDB 


OBODB 


BDOOO 


■ DODO 


BODOD 


BOOOB 


OOBDO 


DOOOB 


BDDBD 


BOOOO 


BBOBB 


BBODB 


BOOOB 










ODDDI 


■ OOOB 


DBDOB 


BDDOO 


OBOOB 


BOOOO 


■ OOOO 


■ OOOD 


BOOOB 


OOBDO 


DODDB 


BOBOO 


BOOOO 


BDBOB 


BOBOB 


BOOOB 






100 




OBBOB 


BOOOB 


DBBBD 


BDOOO 


OBODB 


• HDD 


■ HDD 


■ OOBB 


BBBBB 


ODBDO 


DDOOB 


BBODO 


BODDO 


BDBDB 


BDOBB 


BDOOB 










mauau 


BBBBB 


DBDDB 


BDDDO 


OBODB 


BDODD 


■ DODO 


BODOB 


■ OOOB 


DOBOO 


DOOOB 


BOBOO 


BOOOD 


BOODB 


BOOOB 


BDDDB 










mauam 


BOOOB 


DBDDB 


BODOB 


DBDDB 


BODDO 


■ OOOO 


BDOOB 


■ OOOB 


OOIDO 


■ OOOB 


BOOBO 


BODDO 


BODOB 


BOOOB 


BDOOB 








R7 


annua 


BOOOB 


BBBBO 


OBBBD 


■ BBBD 


BBBBB 


■ OOOD 


OBBBB 


BOOOB 


OBBBO 


DBBBD 


BOODB 


BBBBB 


BOODB 


BOOOB 


DBBBO 






RO 


OODDD 


DDDDD 


ODDDD ' 


OOOOO 


DDDDD 


ODODD 


oaooa 


DOODO 


DOOOO 


ODDOO 


DDDOO 


aaaoo 


DOODO 


ODOOO 


aaaoo 


OOOOD 








■ ■■■D 


OBBBO 


BBBBO 


OBBBO 


BBBBB 


BDOOB 


BOODB 


BOODB 


BOOOB 


BDDDB 


BBBBB 


OBBBD 


ODOOO 


OBBBO 


OOBOD 


OOOOO 










bdoob 


BOOOB 


■ DDOB 


BOOOB 


OOBOD 


BOOOB 


BOOOB 


■ DDOB 


BDDDB 


BOODB 


DOOOB 


DBOOO 


BDOOO 


ODOBD 


DBOBD 


ODOOD 






101 




■ OOOB 


BOOOB 


■ DDOB 


BODDO 


DOBOO 


BDOOB 


BDOOB 


■ DDOB 


DBOBO 


OBDBO 


DDDBD 


OBOOO 


DBOOO 


ODOBD 


BDOOB 


ODODD 








■■■■o 


BOOOB 


BBBBD 


OBBBD 


DOBDD 


BOOOB 


DBOBO 


BOOOB 


DOBOD 


DOBOO 


DOBOD 


OBODO 


ODBOO 


DOOBD 


OOOOD 


ODDDO 










■ ODDO 


BDBOB 


■ DBOO 


OOODB 


DOBOD 


BOOOB 


DBOBD 


BOBOB 


DBOBO 


ODBOO 


OBODO 


OBODD 


OOOBO 


OOOBO 


ODOOD 


ODODD 










■ ooco 


BDDBD 


■ DOBO 


BOODB 


DOBOO 


BDOOB 


OOBOD 


BBOBB 


■ DDOB 


ODBDO 


BODOD 


DBOOO 


DDOOB 


ODOBD 


DOOOD 


ODOOD 








R7 


■oooo 


OBBOB 


BOOOB 


OBBBO 


OOBOD 


OBBBD 


DOBOD 


BOOOB 


BOOOB 


DOBOO 


BBBBB 


OBBBD 


OOODO 


DBBBO 


DOOOD 


BBBBB 






RO 


DOOOO 


DDDOO 


ODODD 


DOODO 


ODODD 


ODDOO 


DOODD 


OODOO 


DOOOD 


OOOOO 


DODDD 


OOOOD 


DDDDO 


OODOO 


DDODO 


DOOOD 








DDIIO 


OOOOO 


■ OOOO 


DOODD 


DDOOB 


ODODD 


DDOBO 


DBBOB 


BODDO 


OOBDO 


DOOOB 


BODDO 


DBBOD 


OOODD 


OOOOD 


OOOOD 










ddbbo 


DDDDD 


BODDO 


OODDD 


DDOOB 


OODDD 


OOBOB 


BDOBB 


BODOD 


OODOO 


DDODO 


BOOOO 


DOBOO 


ODDOO 


ODOOD 


OOOOD 






110 




doboo 


OBBBO 


; BOBBO 


DBBBD 


OBBOB 


OBBBO 


OOBOD 


■ DDII 


BOBBO 


OBBOO 


OOOOB 


BDOBO 


OOBDO 


BBOBO 


BDBBD 


OBBBO 








DDDID 


OOODB 


■BOOB 


BODOB 


BOOBB 


BOODB 


OBBBO 


DIICI 


BB.ODB 


OOBOD 


DODOB 


■ DBOD 


OOBDO 


BDBOB 


BBDOB 


BOOOB 










oaooD 


OBBBB 


BOOOB 


BDDOO 


■ DOOB 


BBBBB 


ODBOO 


CDDDI 


BODOB 


OOBDO 


ODDOB 


BBDDD 


DDBOO 


BOBOB 


BOODB 


BOOOB 










ooooo 


■ DDDI 


■ BOOB 


BOOOB 


BOOBB 


BOOOO 


DDBOO 


■ OOOB 


BOOOB 


ODBDO 


BDOOB 


BOBOO 


DOBDO 


BOBOB 


BDOOB 


■ DODB 








R7 


DOOOO 


OBBBB 


BOBBO 


DBBBD 


OBBOB 


OBBBO 


DDBDD 


OBBBO 


BOODB 


OBBBO 


DBBBO 


BDDBD 


OBBBO 


BOBOB 


BODOB 


OBBBO 






RO 


aaaoo 


OODDD 


DOOOO 


OODDD 


OOOOO 


DDODO 


DOOOD 


OODOO 


DDODO 


ODDDD 


OOOOO 


OODDD 


ODOOO 


OOOOO 


OOOOD 


DDOOD 








■ OIBO 


OBBOB 


DDOOD 


ODODD 


OOBOD 


DDODO 


OODDD 


ODDDO 


DODOO 


BODOB 


OOOOO 


ODOBD 


OOBOD 


DBOOD 


DBOOO 


DBOBO 










■ ■DQI 


■ OOBB 


ODODD 


DDODO 


OOBOD 


DDOOD 


DOODO 


ODODD 


DDODO 


BOOOB 


OODDD 


DOBOD 


OOBOD 


DOBOO 


BOBOB 


BOBDB 






111 




■ OODI 


BOOOB 


BOBBO 


OBBBB 


BBBBB 


BOOOB 


■ OOOB 


■ DDOB 


■ DDOB 


BODOB 


BBBBB 


DOBOO 


ODBOO 


OOBDD 


OODBO 


DBOBD 








■ ■DOB 


BODBB 


■ BOOB 


BODOD 


OOBOD 


BODOB 


■ DDOB 


■ DDOB 


OBDBD 


OBBBB 


DOOBO 


OBDOD 


ODOOO 


OODBO 


DDODO 


■ DID! 










■ DISC 


OBBOB 


■ DODO 
■DODO 


OBBBD 


DOBOO 


BOODB 


BDDDB 


BOBDB 


DOBDD 


OOOOB 


ODBOD 


DOBDD 


DOBOO 


DDBOO 


ODDOO 


DBOBO 










■ ODOO 


OOODB 


ODDOB 


OOBOB 


BOOBB 


OBDBO 


BOBOB 


DBOBO 


BOOOB 


DBOOD 


DOBOO 


ODBOO 


ODBOO 


OOODD 


BDBOB 








R7 


■ OOOD 


OOODB 


■ ODGD 


BBBBO 


OODBO 


DBBOB 


ODBOO 


DBOBD 


■ OOOB 


OBBBD 


BBBBB 


DOOBO 


DOBOO 


OBODD 


DODOO 


DBOBD 










































6-9 



® 




MOTOROLA 



8192-BIT READ ONLY MEMORIES 

ROW SELECT CHARACTER GENERATORS 

The MCM66700 is a mask-programmable 8192-bit horizontal-scan 
(row select) character generator. It contains 128 characters in 
a 7 X 9 matrix, and has the capability of shifting certain characters 
that normally extend below the baseline such as j, y, g, p, and 
q. Circuitry is supplied internally to effectively lower the whole 
matrix for this type of character— a feature previously requiring 
external circuitry. 

A seven-bit address code is used to select one of the 128 available 
characters. Each character is defined as a specific combination of 
logic Is and Os stored in a 7 X 9 matrix. When a specific four-bit 
binary row select code is applied, a word of seven parallel bits appears 
at the output. The rows can be sequentially selected, providing 
a nine-word sequence of seven parallel bits per word for each 
character selected by the address inputs. As the row select inputs 
are sequentially addressed, the devices will automatically place 
the 7X9 character in one of two preprogrammed positions on 
the 16-row matrix, with the positions defined by the four row 
select inputs. Rows that are not part of the character are 
automatically blanked. 

The devices listed are preprogrammed versions of the MCM66700. 
They contain various sets of characters to meet the requirements 
of diverse applications. The complete patterns of these devices 
are contained in this data sheet. 

• Fully Static Operation 

• Fully TTL Compatible with Three-State Outputs 

• CMOS and MPU Compatible, Single ±10% 5 Volt Supply 

• Shifted Character Capability 

(Except MCM66720, MCM66730, and MCM66734) 

• Maximum Access Time = 350 ns 

• 4 Programmable Chip Selects (0, 1, or X) 

• Pin-for-Pin Replacement for the MCM6570, 

Including All Standard Patterns 



AO 15 < 

A1 16( 

A2 12C 

A3 11 C 

A4 9< 

A5 8C 

A6 4C 



Address 
Decode 



BLOCK 
DIAGRAM 



Memory 
Matrix 
(8064) 



Shift 
Control 
Matrix 
(128) 



Row 
Decode 



Blanking 
Matrix 



Output 
Buffers 



)20 D6 
>5 D5 
)19 D4 
16 D3 
>18 D2 
I — 07 D1 
317 DO 



Matrix 
Select 



6220 230240 
RSO RS1 RS2 RS3 



il_~^3 ^°^1 4 
CS3 CS4 CS1 CS2 

V cc - Pin 2 
V ss = Pin 13 



MCM66700 MCM66710 
MCM66714 MCM66720 
MCM66730 MCM66734 
MCM66740 MCM66750 
MCM66751 MCM66760 
MCM66770 MCM66780 
MCM66790 



MOS 



(N-CHANNEL, SILICON-GATE) 

8K READ ONLY MEMORIES 

HORIZONTAL-SCAN 

CHARACTER GENERATORS 

WITH SHIFTED CHARACTERS 



24 |i| 


HP 

PH C SUFFIX 


1 


FRIT-SEAL CERAMIC PACKAGE 




CASE 623^)4 




BP J PSUFF.X 


24 U ~*TJ 


\\jj° PLASTIC PACKAGE 


J 


" CASE 709-02 





PIN ASSIGNMENT 




CS3[ 


1 • ^S 24 


1RS3 


vccl 


2 23 


]RS2 


CS4C 


3 22 


]RS1 


A6l 


4 21 


]RS0 


D5{ 


5 20 


]D6 


D3£ 


6 19 


]D4 


D1C 


7 18 


]D2 


A5[ 


8 17 


I DO 


A4[ 


9 16 


]A1 


CS1[ 


10 15 


]A0 


A3[ 


11 14 


]CS2 


A2[ 


12 13 


]v S s 
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MCM66700 



ABSOLUTE MAXIMUM RATINGS (See Note 1, Voltages Referenced to V ss ) 



Rating 


Symbol 


Value 


Unit 


Supply Voltages 


v C c 


-0.3 to 7.0 


Vdc 


Input Voltage 


V in 


-0.3 to 7.0 


Vdc 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-55 to +125 


°C 



NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher-than-recommended voltages for 
extended periods of time could affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



RECOMMENDED DC OPERATING CONDITIONS (Referenced to V ss ) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


Vdc 


Input Logic "1" Voltage 


V| H 


2.0 


- 


v C c 


Vdc 


Input Logic "0" Voltage 


V| L 


-0.3 


- 


0.8 


Vdc 


DC CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Leakage Current 

(V| H = 5.5 Vdc, V CC = 4.5 Vdc) 


>IH 


— 


— 


2.5 


MAdc 


Output Low Voltage (Blank) 
(lOL = 1 -6 rnAdc) 


vol 





— 


0.4 


Vdc 


Output High Voltage (Dot) 
(l O H = -205uAdc) 


V H 


2.4 


— 


— 


Vdc 


Power Supply Current 


'cc 


- 


- 


80 


rnAdc 


Power Dissipation 


PD 


- 


200 


440 


mW 


CAPACITANCE (Periodically sampled rather than 100% tested) 


Input Capacitance 
(f = 1.0 MHz) 


Cin 


- 


4.0 


7.0 


pF 


Output Capacitance 
(f = 1.0 MHz) 


C ut 


— 


4.0 


7.0 


pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

AC TEST LOAD 



AC TEST CONDITIONS 



Condition 


Value 


Input Pulse Levels 


0.8 V to 2.0 V 


Input Rise and Fall Times 


20 ns 


Output Load 


1 TTL Gate and C[_ = 130 pF 



Test Point Or — f- 



AC CHARACTERISTICS 



5.0 V 

R L = 2.5 k 



MMD6150 
or Equiv 



MMD7000 

^ or Equiv 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Address Access Time 


l acc(A) 


250 


350 


ns 


Row Select Access Time 


l acc(RS) 


250 


350 


ns 


Chip Select to Output Delay 


tco 


10Q 


150 


ns 



X2.0 V 
0.8 V 



X2.0 V 
0.8 V 



^//////////// ^ 




y/////////>> . 



TIMING DIAGRAM 



_t acc(A)- 



-tacc(RS)" 



~" V//////////////////////////rf £l 

'////// ~ Don't Care 



X 



X 



^///////////////, 



"#///////////////. 



V^77, 
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MEMORY OPERATION (Using Positive Logic) 

Most positive level = 1, most negative level = 0. 



Address 

To select one of the 128 characters, apply the appro- 
priate binary code to the Address inputs (AO through A6). 

Row Select 

To select one of the rows of the addressed character 
to appear at the seven output lines, apply the appropriate 
binary code to the Row Select inputs (RSO through RS3). 

Shifted Characters 

These devices have the capability of displaying charac- 
ters that descend below the bottom line (such as lowercase 
letters j, y, g, p, and q). Internal circuitry effectively drops 
the whole matrix for this type of character. Any character 



can be programmed to occupy either of the two positions 
in a 7 X 16 matrix. (Shifted characters are not available 
on MCM66720, MCM66730, or MCM66734.) 

Output 

For these devices, an output dot is defined as a logic 1 
level, and an output blank is defined as a logic level. 

Programmable Chip Select 

The MCM66700 has four Chip Select inputs that can 
be programmed with a 1 , 0, or don't care (not connected). 
A don't care must always be the highest chip select pin or 
pins. All standard patterns have Don't Care Chip Select— 
except MCM66751. 



DISPLAY FORMAT 



Figure 1 shows the relationship between the logic 
levels at the row select inputs and the character row at 
the outputs. The MCM66700 allows the user to locate the 
basic 7X9 font anywhere in the 7 X 16 array. In addition, 
a shifted font can be placed anywhere in the same 7X16 
array. For example, the basic MCM66710 font is 
established in rows R14 through R6. All other rows are 
automatically blanked. The shifted font is established in 
rows R11 through R3, with all other rows blanked. Thus, 
while any one character is contained in a 7 X 9 array, the 
MCM66710 requires a 7 X 12 array on the CRT screen to 
contain both normal and descending characters. Other 



uses of the shift option may require as much as the full 
7X16 array, or as little as the basic 7X9 array (when 
no shifting occurs, as in the MCM66720). 

The MCM66700 can be programmed to be scanned 
either from bottom to top or from top to bottom. This is 
achieved through the option of assigning row numbers in 
ascending or descending count, as long as both the basic 
font and the shifted font are the same. For example, an 
up counter will scan the MCM66710 from bottom to top, 
whereas an up counter will scan the MCM66714 from top 
to bottom (see Figures 7 and 8 for row designation). 



FIGURE 1 - ROW SELECT INPUT CODE AND SAMPLE CHARACTERS FOR MCM66710 AND MCM66720 



ROW SELECT 
TRUTH TABLE 



RS3 


RS2 


RS1 


RSO 


OUTPUT 

















1 
1 




1 



1 


RO 
R1 
R2 
R3 








1 
1 
1 
1 





1 
1 




1 



1 


R4 
R5 
R6 
R7 













1 

1 




1 



1 


R8 
R9 
R10 
R11 




1 
1 
1 
1 





1 
1 




1 



1 


R12 
R13 
R14 
R15 



MCM66710 




ROW 






NO. 




DQDDDDD 


R15 


DDDDDDD 


■■■■■■D 


R14 


DDDDDDD 


BDDDDDB 


R13 


DDDDDDD 


BDDDDDB 


R1? 


DDDDDDD 


■DDDDDB 


R11 


BDBBBDD 


■BBBBBD 


R10 


BBDDDBD 


BDDDDDD 


R9 


BDDDDBD 


BDDDDDD 


R8 


BDDDDBD 


BDDDDDD 


R7 


BBDDDBD 


BDDDDDD 


R6 


IDIIIDD 


DDDDDDD 


R5 


BDDDDDD 


DDDDDDD 


R4 


BDDDDDD 


DDDDDDD 


R3 


BDDDDDD 


DDDDDDD 


R2 


DDDDDDD 


DDDDDDD 


R1 


DDDDDDD 


DDDDDDD 


RO 


DDDDDDD 


D6 DO 




D6 DO 



MCM66720 


' 


ROW 




NO. 




■BBBBG 


RO 


DDDDDDD 


DDDDDB 


R1 


BDBBBDD 


DDDDDB 


R? 


BBDDDBD 


DDDDDB 


R3 


BDDDDBD 


BBBBBD 


R4 


BBDDDBD 


DDDDDD 


R5 


BDBBBDD 


DDDDDD 


R6 


BDDDDDD 


DDDDDD 


R7 


BDDDDDD 


DDDDDD 


R8 


BDDDDDD 
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CUSTOM PROGRAMMING FOR MCM66700 



By the programming of a single photomask, the custom- 
er may specify the content of the MCM66700. Encoding 
of the photomask is done with the aid of a computer to 
provide quick, efficient implementation of the custom bit 
pattern while reducing the cost of implementation. 

Information for the custom memory content may 
be sent to Motorola in the following forms, in order 
of preference:* 

1. Hexadecimal coding using IBM Punch Cards 
(Figures 3 and 4) 

2. Hexadecimal coding using ASCII Paper Tape Punch 
(Figure 5) 

Programming of the MCM66700 can be achieved by 
using the follow sequence: 

1. Create the 128 characters in a 7 X 9 font using the 
format shown in Figure 2. Note that information at 
output D6 appears in column one, D5 in column two, 
through DO information in column seven. The dots filled 
in and programmed as a logic 1 will appear at the outputs 
as VfjH'' the dots left blank will be at Vol- (Blank formats 
appear at the end of this data sheet for your convenience; 



they are not to be submitted to Motorola, however.) 

2. Indicate which characters are shifted by filling 
in the extra square (dot) in the top row, at the left 
(column S). 

3. Convert the characters to hexadecimal coding 
treating dots as 1s and blanks as Os, and enter this infor- 
mation in the blocks to the right of the character font 
format. High order bits are at the left, in columns S and 
D3. For the bottom eight rows, the bit in Column S must 
be 0, so these locations have been omitted. For the top 
row, the bit in Column S will be for an unshifted 
character, and 1 for a shifted character. 

4. Transfer the hexadecimal figures either to punched 
cards (Figure 3) or to paper tape (Figure 5). 

5. Assign row numbers to the unshifted font. These 
must be nine sequential numbers (values through 15) 
assigned consecutively to the rows. The shifted font is 
similarly placed in any position in the 16 rows. 

6. Provide, in writing, the information indicated in 
Figure 6 (a copy of Figure 10 may be used for this pur- 
pose). Submit this information to Motorola together 
with the punched cards or paper tape. 



FIGURE 2 -CHARACTER FORMAT 



FIGURE 3 - CARD PUNCH FORMAT 




Character Number 
MSB 



(CuifQM&LJN Wr) 



R IH 


D DDD 


DDDD 


R 13 


DDD 


DDDD 


R IX 


ODD 


DDDD 


R II 


□ □□ 


DDDD 


R IO 


DHB 


DDDB 


R 9 


HDD 


EIDEID 


R » 


BDD 


□ HDD 


R 7 


BDD 


E1DBD 


R 6 


DBH 


DDD8 




S D6 D4 


D3 DO 



























3 


1 


¥ 


A 


¥• 


f 


¥ 


A 


3 


1 



Rll 
RIO 

R1 
HI 
R 7 
R« 
R* 
R If 

R 3 



Character Numbei 
MSB 

El DHEI 



iCwoMEg Inp ut) 



DEI El 
DHD 
DHD 
DEI IS 
DBID 
DEID 
HDD 



LSB HEX 

HBDD 
DDEID 
EIEIDD 
DDHD 
DDBD 
H8DD 
DDDD 
DDDD 
DDDD 



a 


c 


z 


2 


3 


c 


2 


2. 


2 


2 


3 


C 


Z. 


© 


2 


O 


¥ 


o 



D6 D4 D3 



Columns 

1 -10 Blank 

11 Asterisk!*) 

12—29 Hex coding for first character 

30 Slash (/) 

31 —48 Hex coding for second character 

49 Slash (/) 

50 — 67 Hex coding for third character 
68 Slash (/) 

69-76 Blank 

77 - 78 Card number (starting 01 ; through 43) 

79-80 Blank 

C°l umn 12 on the first card contains the hexadecimal 
equivalent of column S and D6 through D4 for the top row of the 
first character. C°' umn 13 contains D3 through DO. Columns 14 
and 15 contain the information for the next row. The entire first 
character is coded in columns 12 through 29. Each card contains 
the coding for three characters. 43 cards are required to program the 
entire 128 characters, the last card containing only two characters. 
The characters must be programmed in sequence from the first 
character to the last in order to establish proper addressing for the 
part. As an example, the first nine characters of the MCM66710 
are correctly coded and punched in Figure 4. 



NOTE: Motorola can accept magnetic tape and truth table formats. For further information contact your local Motorola sales representative. 
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FIGURE 4 - EXAMPLE OF CARD PUNCH FORMAT 
(First 9 Characters of MCM66710) 



A 



*?■(•?£??) ? i?^fT;?r'pf'?/rr-ippjp i~r--:-i-M n-ffvi- 



■■liVep&tifA'. 



A 



I 



I 



II 



00000 

I 1 1 < i 

1 1 1 1 1 

22222 
33333 
44444 
S5555 
6 6 6 6 6 
77777 
11868 

9 9 9 9 9 

i i i < s 



oo ooo ollllllllooooooooooloo 00 C 00000 00 |0|0||0|009 oooooo |o|o|o||oooooooo|ooo 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ■ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ■ 1 1 

22 222 22 2 2 22222 2 2 222 2 22 2 22|2||2 2||||2 2|2|2222222 22|22222 222 222 22222;2222 2 22 2 
3333333 33 33333133333 33|33 3|33||3333||333333333333 333333 3|3|3|33 33333333 3 333 
44444|4444444444|4|||4 4444444444444444444|444444444|444 444 44 4 4 4 4 4 4 444444444 
5555555555555 5 5 5555555555555555555555555555555555555 5 5 S5555S55555555S555555 
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 l( 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 f 6 6 
777777777777777777777777777777777777777777777777777777777777777777777777777 
6 8 8 8 8 18 8 8 8 8 8 8 8 8 8 8 6 8 6 8 8 8 8 8 8 8 8 8 8 8 6 8 8 8 8 8 8 8 8 8 8 8 8 |8 8 8 8 8 8 8 6 l6 6 8 8 8 I 8 8 8 8 8 8 8 6 S B 8 8 1 1 8 
999999999999999999999999999999999999999S999999999999999999999S99S9999999999 

t t I ) II II IM) II I* II II II Hi: II H'i H » »» It»»)l 3! 1JJ4 Jl »ll IHSII 41 II « II « II It 41 II II H S1H SI HltUHUII I! 1314 II B II UK !t II ?! » 14 II II II » :| II 
FORM 5081 ■ , ' ' 



FIGURE 5 - PAPER TAPE FORMAT 



Frames 



Leader 


Blank Tape 


1 toM 


Allowed for customer use (M <64) 


M + 1, M + 2 


CR; LF (Carriage Return; Line 




Feed) 


M + 3 to M + 66 


First line of pattern information 




(64 hex figures per line) 


M + 67, M + 68 


CR; LF 


M + 69 to M + 2378 


Remaining 35 lines of hex figures, 




each line followed by a Carriage 




Return and Line Feed 



Blank Tape 

Frames 1 to M are left to the customer for internal 
identification, where M < 64. Any combination of alpha- 
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, delineating the 



start of data entry. (Note that the tape cannot begin 
with a CR and/or LF, or the customer identification will 
be assumed to be programming data.) 

Frame M + 3 contains the hexadecimal equivalent of 
column S and D6 thru D4 for the top row of the first 
character. Frame M + 4 contains D3 thru DO. Frames 
M + 5 and M + 6 program the second row of the first 
character. Frames M + 3 to M + 66 comprise the first line 
of the printout. The line is terminated with a CR and 

The remaining 35 lines of data are punched in sequence 
using the same format, each line terminated with a CR 
and LF. The total 36 lines of data contain 36 x 64 or 
2304 hex figures. Since 18 hex figures are required to 
program each 7x9 character, the full 128 (2304 -r 18) 
characters are programmed. 



FIGURE 6 - FORMAT FOR ORGANIZATIONAL DATA 



ORGANIZATIONAL DATA 
MCM66700 MOS READ ONLY MEMORY 



Customer Part No. 



Row Number for top row of non-shifted font 



Row Number for bottom row of non-shifted font 
Row Number for top row of shifted font 



Programmable Chip Select information: 1 = Active High = Active Low X = Don't Care (Not Connected) 
CS1 CS2 CS3 CS4__ 
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FIGURE 7 - MCM66710 PATTERN 





\ A3. 


A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


A6 . . A4\ 


D6,..D0 


O....DO 


D6. ,DO 


D6..,D0 


■D6...D6;. 


06... DO 


D6...D0 


D0...OOV 


■■Otf.-,..DO- 


06.-:. DO-" 


-D6..-.D0- 


OB DO D6 00 




DO CO 


3 « DO 






Rlfl 


DaDDDDD 


'0....00 




■GBBDCbQ 


oncoaoa 


J3|ollc 




UGBBOGD 


'-'□UGGGO 


- r - ]D - G 








' ■' 


























































































000 


































































































































































































































































































































































001 










































■QIIODO 




oddScdd 




SbSbSoo 


aDaSauD 


§."«£5d 


BDDBDDB 


5g|||S5 


BOB^GOD 


illlggi 


'-■a-'^n 


: r ':':-.:-.\S '.'■-, 


































































































" " ■- | 
























































































































010 




DDDDDaa 


aaaiDDD 


nnDDonn 


■■■■III 


DIBBBBD 


aoaSoDD 


dSbdodd 


DOODDDD 


QBaDDDO 


OODaOBD 






)'•.■•-■■',-[■•■'. 




■.: ■■■■;■ 


B "' 






























































































































































■ '■■■ 


..... 






























































































































DDBDHBD. 






























































































""i 


*"""*" 


„■ 












aaanBBo 


aaaaaao 


























m .. 


















































































■DODDQB 


•dodddS 


DBOOQQa 


■DDDDnS 


QIDDDDB 


BDDDODa 


■DDQGDD 


■□Sdddd 


■ODOOOB 


DQDBaaa 


dRddbdB 


BGGBrGG 


5r :: r = .j ; : 




















































































































































































■•aiiin 






































































































































































































































































































































































DBBBBBG 








































































































































































































































































































































































nBBBBBG 




























r .G...OO 


'gB.BO.G 




































































































































































































































































































































□aOBIDC 




























V = Shifted character. The character is shifted 'three rows; to R1 1 at the top of th 


e font and R3 at the bottom. 











FIGURE 8 -MCM667 14 PATTERN 






\A3. 


A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 ! 1100 


1101 


1110 


1111 


A6 . . A4^\ 


D6...DO 


D6...DO 


D6...O0 


O6...D0 


D6...O0 


D6/..D0 


D6. DO 


D6...D0 




D6...O0 




D6. DO. ; D6.. DO 


06. ..DO 






RO 




".I.. 




D.BDGOD 


oaaoaaa 


; IG|na|G 


v c;i - a;][J 


L1G..DUD 


LJOGaooa 


'— GuQuC 








[■'■■-■■:;•■■ 




rnrnuun 


























































































































































































































































































































_ ~77.";_':.;;:;" 














^QUGOD 














































































































001 






































































































































































































































'™ 
























































































































010 




QDaaDDD 


DDDBOQC 


anaaaBo 






ooGa'nn 


aS.nar-' 


GoanoDD 


aSnDGDD 


GODDDBD 






nGauarn 






'ir'acr 1 ! 














































































































































-'" ■" 


JDOODGGG 
















































































































































































































































































gSriEjp^n 


aoaanuc 


SjfjpSnnn 


"n^rnR^ 


anSa"^ 


go-Idcc]'' 










DBBBBBG 












OBBB.BC: 


























RO 


OBBBBBO 




■BB.BBO 


LIOBBBBG 


.BB...O 


BBBBBBB 


BBBB.aa 


'"J.BBBC 


ationaaa 


uaaaaaG 


u::....a 


BODDGGa 


IGOaDaD 


■acpana 


Brvj.Q U! jB 


"jaaacu 


























































































































































































































































































































□ □DiiDnrj' 


ZlZl'u 
















































































































































































































































































































































































































































































































































































































































































































niiiGin 




._ nn _' rjr i!2.'.'._ 


1 ] ""':/11. 


*™- y —!.'. 
























r u ».o.o 




















































































































































































































































































































R8 


■DODDOn 


urjannan 


■nnni-rit; 


nmmmmiv] 


nnnaann 


naaaV. 


.ir;.!.. ;.. . 


ibb: ■■ 


amy., i.n 


■na.aari: : 


nan...: . 


::C]LiBaa. 


n^m.onn 


n.a.cr), ■ 




■■■■■■" 






W = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 atthebottom. 
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FIGURE 9 -MCM66734 PATTERN* 





\&3 


AO 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


mi 


A6 A4^\ 


D6 00 


06 00 


06 DO 


D6 DO 


06. DO 


D6 C7 


D6 DO 


D6 . . DO 


D6 ..DO 


D6 . . . DO 


06 ... DO 


06 DO 


D6 DO 


06 00 


D6 DO 


D6 O0 




000 




OBBBBaO 
■DDDDDH 

Qoaoooa 

OOOOOOB 
DIIODOI 
aOOBOOa 

BOOBOOB 
OBBBBBO 


■ ■ 
••■•■■■ 

■ B 


\""i 


**■■■ ill 


SL * ''<B 
■ B- ■.-■ ■ 

;ja:;GGnB 

BBBBBfir 


BBBBBBB 

■dL:: : l:;::1 
■■■■■■;: 

■■■■■■■ 


j§|l:i 


BDoanoB 

■DODDDD 
BODDDOD 

■DQDOOB 

■ODDOBB 
OBBBBOB 


a' ■ .fii-B 

BDDDDOB 
BDDDaOB 
••■■■■■ 

BOGDSaB 

•■: ; .-■-• 

bcSdggb 


ODBBBDO 
DODBDDD 

doobooo 

OaOBOOO 
DDOBDOO 

doobodo 

OOBBBDD 


DGaBBBB 
DDDDBOC 
DDDOBCw 

BDGDBCr' 


bS^cSbc: 
bbzbdz:: 


Ills 


BBciJQBB 
BOBDBDB 
BDOBOOB 

BDDDDOB 

bdoddob 


■DoaoaB 
■aanaaB 

■OOOBOB 

•ODOOBB 
■DDDODB 

■aaoDDB 


OBBaBBO 

aaoooaa 

aDoaoaa 
BDaooaa 

BDOaODB 
BOODOOa 
aODDOOB 
OBBBBBO 


001 




■OODOOB 


OBBBBBO 
BOOODOB 
■DDODOB 
BDDDDOB 
BDDDDOB 

■OOOBOB 

DBBBBDB 


a;:;::i:;aa 


BllIJCCGB 

n:;:j:Jt:;iB 


BBBBBBB 

tiaaaoao 


bo-.' ■-. "Ib 

BO . ■ • 


BDODDOB 
■DDDODB 

■aaaaaa 

■DOODDI 

DOBDBDD 
□ODBDOD 


■DDDDDB 
BQQDDDB 

■naaooB 

■DDDDOI 
■OOBOOB 
BODBDDB 
OBnOOBD 


BDDDDDB 
BDOCDOB 


BODDDDi 
GICODIC 

aDGBaon 

DOOBOOO 


■■•■III 

Daaoaqn 


QDBDDDD 
ODBBBDO 


aaODDBO 

;inaiDDa 


OOBBBOO 

aoooaoo 
aaaoBaa 
aooDBDa 

OOaOBOa 

aaaaaaa 

ODBBBDO 


pQBOBOC 


ill 


010 




Iflllll 


DDDBDDD 
aDDBDDD 
ODDBQDD 


IIWM 


OIDDDID 

BBBBBBB 
aBDDDBD 


:i^aBcaB 


BDBDaOB' 
BB1DOBO 
OOD01DD 

BOODBOB 
OOODBBB 


DBBBODD 
■ODDBDD 
OBDBDOO 

DBDBDDD 
BODDBDB 
BDDODBO 


DDBBDDD 
OOBBDOD 


DDODBBD 
DDOBDDD 

QDBDDDD 
ODDDBBD 


DDOBODD 
DEQBODO 


DBDBDBO 
DDBBBDD 
DBDBDBD 
DDDBDDD 

aoaaDDO 


unaaana 


ODDDDDO 
DOBBDOO 
aOBDDOP 


BBBBBBB 


aBBDDDO 

aaaaooo 


:;:":: i:;:gb 


::r.r.-^::-: 


011 




BDODDBB 
BOOOaOB 
■□□BOOB 

BODQOOB 


DODBDDD 


onaaaai 

DDDDDGS 


oaoaoDB 

OOODDBO 

BOOOODB 
OBBBBBO 


h]i:6mu»a 


BBBBBBB 
■DDDOOD 
BBBBBBD 

aaooaoB 

■OODODB 


^""■' 


BBBBBBB 

Boaaaaa 

■QDDDGB 

DDDBoaa 

DDDBDDD 


■OODDDB 
BDDDDUB 


BDDDDDB 
BGDGDDB 

OMHCH 


DDDDDDD 
ODBBODD 

ODBBDDO 


DDDOODD 
DOOBBDO 

OODBBOO 
OOBBOaO 


UUDDDBG 


oooaaaa 

aaoDooa 

BBBBBBB 
■BBBBBB 

DDOOOOO 


aaaaaaa 
aoaaaaa 

aaaaoBD 
aooaaaa 

aaoooaa 


aaaaaaa 
aaaaaaa 

aaaaooo 
aooaaoo 


IP'"! 


, M 




DDOMBBD 


ijn""cE 


■ ■ 1 


:>■■•■■□ 

BBBBBBB 


jv 


BBBBBBB 


BBBBBBB 


BBBBBBB 


QIDBOBC 


GpaanBC 


DBDDGDB 


BBBBBBQ 

nitiMH 


111! 


BODDBDD 


■BBBBBa 

oooaooa 


111 


101 




H 


11 


llll 


"•Be"" 


BBBBBBB 


■ ••• 


■BBBBBB 
DOOnDDI 
DCCODaB 


''BBiiaar- 

BBBBBBB 


DBQD08D 
OBDDDBD 


DBDBDDD 
DBDBDDD 

GBDBDBD 

■aaiiao 


aBDDOaD 

DBDDDaa 

□■CDHOI 


BaaaoDB 
aaaaaaa 


Ill: 




aDaaaiiLi 


aaaaooo 


□c: = r.r.: 


anoanor. 


110 




opaaoao 


ill 


. '!! 


m^-f' 


HI 


|l|l||l 


Ill 


DDDBCDD 


111 


!■-: 


riDDBODG 


DaBDBDC 


ill 


anaaaan 


aoaDaBO 
aaBaaan 


DBoaaao 


111 




i^M». 


DDOBOOB 
OODBBGD 


Ill 


BBBBBBB 


DDDiDOD 

aoaBaaa 


BBBBBBB 


BBBBBBB 


jiSaBGDG 


DBDDCOB 
BCDC30B 




DDDGDDB 
ODDDDDB 

BBBBBBB 


aaaaooo 


111 


OBaODBD 


aaaaoaa 
aaooDDB 
uaaooao 


Boaoaaa 




'Shifted characters are not used. 



FIGURE 10 - MCM66720 PATTERN*' 





^A3. 


AO 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


A6 . . A4^\ 


D6...00 


06...00 


M...O0 


D6...D0 


D6...D0 


D6. .00 


D6...D0 




O6...D0 


D6...D0 


D6...D0 


O6...O0 


D6...DO 


M...OO 


D6...DO 


D6...D0 




000 




Ills 


lilllll 


"Saaca" 




DBanoari 


□q2"""d 


|l||||| 


ill 


IIIIIII 




ill 


■aaioDO 


Iiiiiii 


OOMIDC 




DIMIII 

DoaaaDD 




001 






SSSBBSS 


aaaaaaa 


mini 


aaSannD 


ill 




DDDDDOO 


BDDDDDB 

aaaaaaa 

■IDDQII 


§§2§§§§ 


Dooaaoo 


■■■■■■■ 

aoBaooa 


iiiiiii 


lilllll 


BS.SSSS 


BODBOOB 
BOOBDOB 


010 




sill 


11:11 


HI 




aaaaaaa 


BDaGGDB 
BDDDBDB 


■ 


111 


Ills 


oaDposc 
aaaaDBD 


BODBDDB 


aoaaaoo 


iiiiiii 


||ps 


lilllll 


HIS 


OBDBOBO 


0000000 


Oil 




BOBODDB 




sllills 


sssssss 


Ills 


aaaaaaa 
anooaoa 
aaaaaaa 

DDDDCDa 


ill 


■■■■■■■ 


BDDDDDB 
BGDDODB 


BDODOOB 
DDDDQDB 


HI 


aaaaoaa 


IIIIIII 


lilllll 
■■■■■■a 


illilli 


■ODODOI 

BDaoaaa 


100 




BDDDCDC 


:sii: 


111 


■'aDDDD 


OBDDODB 
DBDDDDB 


BBBBBBB 

aaaaaaa 


ill 


aoonaaa 

OGIIIID 


BDGGDGB 


aaaaaaa 




BOOODBD 

aaaaooo 

BOOOaDO 

■oaaoBD 




■■oaaii 

BOBOBDB 

bodboob 


BBoaaaB 


■aGCGOB 


BooaaoB 

■DOODDI 

aaaaaaa 


aaaaaaa 


Boadoaa 

GBDDGBO 


101 




Bir; x: r2a 


\ v 


■||| 


Ills 




nil 


iiiiiii 


BPaoDDB 
BOOBOOB 

aaaaaoa 


aaaaaaa 


aaaaoDB 


HI 


aoBDaao 
aoaaaao 


a'SaSSa 


UBBBBaD 

oaaaaca 


BDBBOBD 


oaaSoaS 


110 




II 


BDGDZBO 


:■"': 


111 


aaaaoaa 
aaoGsao 


■ODODBG 

aaaaaan 


lilllll 


||| 


BDGogaD 


□aCDGDD 


llllll 


aaoooDa 
aaaoBoo 

BOOBODD 
BDDOBDa 

aaaaaaa 




BBBOBBa 

aaaaaaa 

BOOBDOB 
■OGBDDI 


BDCDDBD 
■DDODID 


IIIIHI 


111 




■oaaaoo 


aoaaaoa 
aaooaaa 


j:i«: 


Iflllll 


III! 


: : 


111 


BODBDDB 
BDOaODB 
BDOaODB 


■,-:= ■> -!:=. 


BDDDDBD 
BODOOBQ 

aaaaaaa 


lilllll 


aaaBBBri 


Hi 


□anaicc 


aagacaa 


BBBBBBB 

BiaaaaS 




" Shifted characters are not used. 
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FIGURE 11 - MCM66730 PATTERN* 





\M. 


.AO 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


mi 


AS . . A4^\^ 


oe . . . do 


06... DO 


Dfl . . . OO 


06 ... DO 


D6 . . . DO 


D6 .. . DO 


D6 . . . 00 


06... 00 


D6 . . . DO 


D6 . . . O0 


D6 . . . DO 


D6 . . . DO 


06... DO 


D6 . . . DO 


D6 . . . DO 


06 ... DO 




000 




I) 


§§BS§§§ 

DOOBDDD 

ooaaaoo 

ODOODUO 


aaaaaao 

aaaoaao 
aaaoaaa 
aaaaooa 


aaaaaaa 

aaaaaaa 

ooaaaoa 
aaaoBao 


aaaaaaa 
aaaaooa 

aaaaaaa 
aaaaooa 
aaaaooa 

aaaaaaa 


aooaaaa 


aaaaaoo 
aooaaoc 
oaoaooo 

0808008 

Boooaaa 
oaaaoDB 


oooaaao 
aooaaaa 


oaoaaon 
aooaaaa 


aaoBoao 


BOOBOOB 

aoaaano 
aooaaaa 


aooaooa 
aoDBOoa 


Dooaooo 


Hi 


ooaaooc 


111 




001 




aoooooa 

■GOODS* 
8000808 

■■aoooa 
oaaaaaa 


aaaaaao 

OOBBOOD 

aaaaooa 

aaaaaao 
ooaaaoo 


aaaaaaa 

BOaOOOB 

aaaaaoB 
aoaaDBa 

■■BBBBB 


aaaaaao 

BOOOOOB 


0000880 

oaaaaaa 

aBB88B8 

OOOOOBO 


aaaaaaa 

BBBBBOO 

■ooooaa 


aaoaoao 
aooooao 

OBBBBBn 


8888888 

aaaaaoo 
aoBoaaa 


DBBaaio 

BOOPOOB 

aoaooaa 

BOOOOOB 

aaaoaaa 

BOOOOOB 
OBBBBBa 


BOOOOOB 

: aaaaooa 


oaaaaaa 
aoaaDoa 


OOBBOOO 
OBDDDOO 


ill 


aaaoDoo. 


HI 


oaaoooa 
oaaoooa 


010 




ooaaaBo 

DaaDDDB 

■GBaaao 
aooDoao 

0800000 

ooaaaao 


Qoaaaoa 
oaoooaa 

BOOOOOB 

aaoaaoB 
BBaaaaa 

8SSSS8S 

BDOOOOB 


aaaaaaa 
asaaoaa 

08DDDDB 

aaanoaa 
aaaaaao 


ooaaaao 

aooaooa 

aaaoaao 
aooaooa 
aaaooaB 
aaaaaao 


8888800 

aaooaoa 
oaooooa 

oBOooaa 

8888800 


aaaaaBB 
■oaoooD 
Booaoaa 
BBaaaaa 

B00OOOO 

aoaooao 

BBBBBBB 


BBBBBBB 

aaoaoao 

BOOOODO 

aaaaaao 
Baoaaao 


ooaaaao 
aooaooo 

B00BBB8 

Boaoaoa 

O80O00B 


aaaaaaa 
aaaaoaa 
Boaooaa 
aoooooa 

aaaaaaa 
BooooaB 

aaaaaaa 


aaaaaao 

DOOBOOO 
□■B88B0 


OBBBoaa 


BOCOOBO 
BBOBOOO 

aaaaaaa 
Boaaoao 


aaaaoaa 

aaoaooa 
aaaaoaa 
aoooooa 

SBBBBBB 


aaaaaaa 
aaaaaaa 

BOOOOOB 

aoaooaa 


aaaaooa 
aaaaooa 
aaaoaaa 

8008008 

Booaoaa 
aooaaaa 


uoaaaoo 

BODOCOB 
BOOOOOB 

aoooooa 
aaaaoaa 


011 




aoaooaa 

aDDDDDa 
■DDDDOB 

aaaaaao 

mil 


aaBBaoa 

OBOODBa 

aaaaaaa 

aooaooa 
aoooaoB 


aaaaaao 

aaaoDOB 
aoaoaoB 

aaaaaaa 
aaoaoao 
Boaooaa 


aaaaaao 
Booooaa 

aooooao 
osaasso 
oooooob 
aooaooa 
Boooaoa 
aaaaaao 


BBBBBBB 

ooaaaoo 

OOOBOOO 

oooaaao. 
ooaaaoa 


BOOOOOB 
BOOOOOB 

Booaoaa 

BOOOOOB 

aaaaaaa 


BOOOOOB 
BOOOOOB 

aaaaaao 
ooaaaoo 


■OOOOOB 

aoooaaa 
aaaoaaa 
aoaacoa 

aoaoBoa 
aaaaoaa 
aaaaooa 


BOOOOOB 

oaaooaD 
aoooooa 


BDOOOOB 

aoaoaoB 

DDDBDOO 

aooaaoD 


aaaaaaa 
aoooooa 

aaaaaaa 


oaoaooo 
aaaaaoo 

asaaoaa 

OBBBBOn 


aaaaoaa 

OBBBBBa 

aaaaaao 


11:1 


§§p§g§ 


BBaBBBB 


100 




ODDDDDD 


oaooooa 

aaaaooa 

aaaaaaa 
Boaaaao 
floaaaoa 


Hi 


OBBBBao 


□OOOOOD 

OOBOOOD 
OOOBOGD 


aaaaooa 


aoooaaa 
ooaooDB 
■■■■■■■ 

oooooob 

oaaoBOG 

OOBBaOD 


OBBBBBO 

OOOBBOO 
OOOBOOO 

aooaaoD 
oaaaaDa 


aaaaooa 


§||| 


COBBiOO 
CDQ8C00 

aoaacoa 
oooaaao 

OBBBBBO 


DBoaaan 


aoaooab 


IHllll 




III 


101 




aaaaaaa 


OODaODB 

poaooaa 

oobobou 
oobbooo 
oaaooao 


aaaaaaa 

aaoaoao 
oooaaao 


8888888 

aoooaaa 

BOOODOB 

oooaaao 


OBBBBBa 
OOOBOOD 

aaaaaoo 
ooaaaoa 

8888888 


asiassa 

ooooaoo 


aaaaaoD 
aaaaaoo 
■■■■■■■ 

ooaaaoa 

oaooooa 


'BBBBBBB. 


008BBBB 

aaooaDB 


sill 


BBBBBBB 

aaaaaaa 
, aaooaoa 

aaaaaBB 


oaaooao 
oaaooao 


aaaaaao 


aaaaaaa 


IIHIII 


aoooaaa 
aaaaooa 


110 




ooaoooa 
oaoooaa 
bobddob 
oooaaao 

DUDBDOD 
OOBOOOO 


aaaaoaa 

OBBBBOO 

aaaaaaa 

aaaaaaa 
oooaaao 
oooaaao 


■aasaoa 

BOOBOOB 
BOOBOOB 

oaaoooa 
ooaBoaa 


oaaaaaa 

aaaaaaa 

aooaooa 
aooaooa 


0080000 

aaaaooa 

QOBODBD 
ODBODOa 
DDBOOOO 


oaoBaoo 

8ai8BB8 

OODBDOO 

DODBDaO 

aaaaaaa 


OBBBBBO 

aooooao 
aaaoaao 

8888888 


BBUBBBa 

ooaoooB 

O08D80O 

oaoooaa 
aooooao 


0008000 

aaaaaaa 
ooaaaoo 

008BB00 


DDOOOBO 
ODOaOBO 


ooooiDa 
oaooaoa 


III 


aaaaaaa 

■aaaaooa 

oaaoooc; 


oaoaooo 


aaaaaaa 
aadagoB 


aaBBBBB 

gqaacoa 


111 




aaaaaao 

DOaBBOO 
DOaODBD 

DDaaaao 
oooaaao 

DOBBBDO 

oaoooao 


■oaoooi 
aaaaaaa 
ooaooaB 


i§§§§ss 

aaaaoaa 

OBOaDBO 


BBBBaBB 
O080000 


BBBBaBB 
□OBOODB 

aaaaaao 
oaaoooa 


DBBBBOO 


aaaaaaB 

OBBBBBa 


OBBBBao 

aaaaaaa 

OODaODD 


aaaaaao 

OBOOOBO 
OOOBOOO 


aoaaaoa 


caaoooc 
aaaaooa 
aaooooo 

GBiacnr; 


aoDOoaa 
aosooaa 
aoooaaa 


BBaaaaa 

aoooaaa 


HI 


oaaoaoo 


aooaaaa 


oooaaao 


oooaaao 




"* Shifted characters are not used. 





FIGURE 12 - MCM66740 PATTERN 






N^AS- 


A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


A«..A4\^ 


OS . . . DO 


oe . . . oo 


D6 . . . DO 


OS . . . oo 


D« . . . DO 


o« . . . oo 


D6 . . . DO 


06 . . . OO 


D« . . . DO 


DO ... DO 


06 . . . OO 


D6 . . . DO 


oe . . . do 


oe . . do 


oe . . . do 


06 . . . DO 












































































































































































































































































































































Baaaaaa 




8888888 




aaaoaaa 
















































BBBBBBB 


aaaaaaa 




BBBBaBB 








aoooooa 


aaoaoao 


gaoaoao 










































































































001 


















































































888888S 










































































RS 


aaaaaaa 


ooaaaoo 


OaBBBOD 


ooaaaoo 


OPBBBOO 




aaaaoaa 












































































































































010 






































































































































































































































































'oo..oo D 








































































































































































































































































































OBBBBBO 




88.88888 


aaaaaao 
























































BDaoaoa 














OBOODOB 




































































































boboddo 














































































































































































OOBBBBO 




aaaaaao 




aaaaaoo 


8888888 
















































aaBBBBB 




aaaaaaa 




































































































































































































































































































ne 




ooaaaoa 














aaaaaaa 






































































































































































































































































XS8BSSS 










































































H8 


aooooao 




aoBsaoo 


aaaaaoo 


oaaaoao 


OBBBBOn 




aaaaaao 








aaaooBO 






BDaDOBO 




































aaaaaoo 


































































































































































































































































































ne 


Booaoaa 


naaooao 


aaaonan 


naaaaoo 


OOOBBOn 


aaaaaan 








oaaaaaa 


BBBBBBO 




aaDDDDD 


OOBBaOD 


aaaaaoo 








|T = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 
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FIGURE 13 - MCM66750 PATTERN 





-■vA3. 


AO 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


A6 . . A4 V Ns fc 


D6...O0 


DC ... DO 


08... 00 


D6 . . DO 


D6 . . DO 


06 DO 


D6 . . DO 


06... 00 


06... DO 


D0...DO- 


08 ... DO 


06 ... DO 


06 . . . DO 


08 ... DO 


06 ... DO 


D6 . . . DO 






Hft 


■ODDBDD 




DBBBOJC 








QBBaaaa 


BBBDQOQ 


■■■anna 


■OOBDOD 










GBBBoaa 












■SSdSod 












































































































































































































§□§3588 


aaoaina 




















gssssss 










































DOOBBBD 








































■•■acaa 






































SacScSS 




:ggSS88 








SbSddSB 












SaflSaoD 
































:gggggg 








































































































































ggggggg 


888S8IS 


aSai'Sa 


BSBBIgg 




S88BS8S 


SBSSSS8 


gggjggg 








ggggggg 












□oobbib 




OOOBBBB 




QDDDOBn 






















aaaBBBD 


















































3SSSSSS 


ggJgSgg 


3 ■■■■II 


■oBaaofl 


■aaaiao 

ggggggg 


gggjggg 






QQQBDaO 


DDDBDOa 














010 






















































































§B3SSSS 




































SSS8S8S 






■DDDIDI 


I88SIIS 






ggggggg 


88SS8SS 


aaaiDoa 




DDDaDDD 




ySaaaaa 
































□DaaoDD 


































aaiBBBa 




















la odd 88 


S88I8S8 




SdSSSSI 


ggggglg 


InoaSaa 


ggggggg 


BDDDDQI 






aanaarjD 


aaSaDDa 




ggggggg 






























ggggggg 










































































■aoaaui 




























IBoooSS 




Igggggg 






ggggggg 




igggggs- 


gSSSRBS 


gnSSnrjrj 








g8ggggg 


ggggggg 
















QIBBBBD 






OBBBBBO 
























Rfl 


dgbbbbg 






























UOflBBOO 










ggggggg 




SSSgggg 


gsggggg 


rgggggg 








gggjggg 




igggggg 


■Dpaoga 




■BOGGGB 


BDoaaaS 






100 






























































































































SISSSBS 






















IrjDDDOB 




























































OGBBBBO 






GIIIODD 


■aODDOB 








GDBBBDD 






































































"■ddodS 


































































































































































































































































































no 


oobbddd 


GOOODOO 


■aaaaoa 


uaaDDDo 


DaOODBD 


ODdDDOO 




D — DBG 


■■aaaDDD 


oaoaaaQ 


'pDDDBBD 




DDBBDDO 


aaoaaoa 


GoaaDDD 


aaoDDOD 




































































































































































































































































































































no 


BiaODBO 


amaia 

■OOOBBO 


DDggggB 


ggggggg 


oaSaggg 


ggggggg 


ggggggg 


aaaaoao 






oaaaooD 


OaOBBOO 


DDDBOOQ 


ODBBODD 


OBBOOOO 


aaoDBao 






















BBBBBOG 






BODOODB 


■ODDDIO 


BODGOBD 








§§§§s§§ 




■DOBDDB 












































































































































GBBOBBG 




















JF s Shifted character. The character is shifted three rows to R3at the top of the font and R11 at the bottom. 





MCM66751 - Same as MCM66750 except CS1 = 0, CS2 = 0, CS3 = X, and CS4 - X. 

FIGURE 14 -MCM66760 PATTERN 



^v* 3 ... A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 






PO 


BDDaOQB 




gggJOOD 




g-aoogo 




ggggggg 






GOOGOOD 




ooaaaoa 




ugouggu 


IJGBBBGD 


ODBBBDCJ 








































































































BQaoaoB 






























































































































































BBBDBBB 










oaoBDnn 






DGBBBDn 






no 


.BBBBBBB 


GGBBBOD 




GOBBBOD 




DODDDDD 


DBBBBIG 


GDDGoaa 






GBBBBOa 


































































































































































































































ggggggg 
































































































■■■■■■■ 


BBBBBBB 


■BBBaaa 


































































SdqbdBS 






















































010 




































































































































ggggggg 










































































BBBBBBO 
















































aflBBBBO 


















































oaaaaaa 










































oil 














































































































































































































BBBBBBB 










oaBaoao 




OBBBBOD 


OOBBDan 








ODBDODO 


oanaDDD 












■■■ilia 








































































































100 




BOBOBOB 








GBDOODB 






IDDODDD 


■GODODB 






Boaaaoa 


■000000 


■CZBGQB 


flGOflCGB 


aoaaaaa 












db'dodb 




DBoaaaS 




5"3aaaG 




3S5555S 




ggggjgg 






















































































SgggggS 
















































RO 




IJUBBBUO 


BBBBBBO 


GBBBBBG 


■■■■■■■ 


1DGOCOI 


■aooDaB 


■DDDDOB 


BDOaDOB 


■naaaaa 


■■■■■■■ 


dbbbiog 


oaaoaoo 


OIIIIDD 


aoo'nabo 


aODDDDD 




















































































101 


















































aDDBDDD 


BDDaoOB 






ggggggg 


gggjggg 


ggggggg 




ggggggg 


ggggjgg 




ggggggg 








































































































































































































































































































ggggggg 
























































































































































































'.G...OO 




aaaaaoD 




oaaoaoa 


ooaaoDD 


QOQODQD 


aaaaooo 


Qoaaoao 


'■aaoDiD 


□qqqooq 


GGDBBOD 


aaaBaao 


DDBBoaa 


BBBBBBB 






















































































in 


























































































































































































































BDDGDBD 




















Y = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 
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FIGURE 15 - MCM66770 PATTERN 






\A3- 


AO 


0000 


0001 


0010 


0011 


0100. 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


in, 


A6 . . A4"~^ 


O6...O0. 


D6 DO 


D6 . DO 


D6 DO 


06 DO 


OS DO 


D6 . . . OO 


06 . . . DO 


D6 . . . DO 


D6 . DO 


.06 . . . DO 


D6 Od 


06 DO 


OS DO 


06 DO 


D6 DO 




000 




aaaaaaa 

a" : r.z :a 

■DOaGDB 

aaaaaaa 


■•■■■■a 

■b'ddacri 


bbbadbb 

a ■■■■■■ 


\S'M 


'^wil-i 


bibb;bb 

aaaaaaa 
aaabaiB 


BaBabbb 


.:aaaaaa 

aaaaaaa 
aaaaaaa 

aaaaaaa. 


■:•>•,. 


....... 





'■•■•:■!■■■■ 


.'i*'. 


.:'..... 


■ a;; ::aa 


: ■ ! 


001 




■■■■■as 
Badaaoa 

BGGGaaB 
BGaGGaB 

■■■■■■■ 


■aaaaaoa 

BGUDOOB 


;juaaa::G 

BDCC^GB 

aonccaa 
a : ■■■• 

BGGBGOB 
BGGBPDB 


baaaaaL; 

BGaaCGB 

aaaaaaa 


DBGBDBlJ 
BOCBGGB 
BGDBCGa 

BODODDB 


bpiaaai 
a ":-• mv 

BOBOCGB 


■ a '. . : a 

■a^acaa 


V'V^j 


aaaaaaa 

.aadbaaa 

aaaaaaa 


hommm r Sf2 


L^r.a:::::) 


aaaaaaa 
aaaaaaa 


8 B 


:"! 1 


BL:Sa^::a 




010 






II 


Ulllll 


||1 


baBflBBB 
abDBGGG 

daaBaaB 


acaSIoa 


DBDBGGG 

aGGOBBG 
OBBBGOB 


aaaaaao 


daabaaa 


Hi 


OBOBGaG 

iiiilii 


ca~aa~u 
a^^azan 


/:'■ 


..,,... 




..■■" 


Oil 




■Douaaa 

BOODOBB 

maaamam 

■OQiani 
laiaoai 

■aaooQB 


UGDBDDa 

aaaaaaa 

GBBBBaa 


aaaa'aaa 


;jbbbbbg 


llnili 


■■■■■■■ 

adonccD 
■■■■■on 

naaaarr: 


aaaaaaa. 

BCaaadB 
BGGnDCB 


□o5ciDD 


BOOODGB 

■aaDoaoa 

BGDOD.GB 


uaaaaau 

■GGGGQa 

GGGCaDB 
DBBBBna 


:: 


BB 


:i?js"z25 


aaaaaaa 


:V 


Ill 


100 




DIIIIDD 


UGBBBGO 
IDDDODI 

■■■■■■I 

BDOOQDB 


aabrjcda 

BBBBBBr 


ijaaaaaa 




aaaa 

a ■. ■ 
a -. . " 


: " 


BGGGGGB 


■'...' " ■ 


.:aaBBB^: 


11 


aaoaoaa 


aaaaaaa 


aaadnaa 
.a g Da z am 


a'aacaa 


■; s 


,01 




■ ■ 

a:;::::::na 


: "•: 


■D:i2ai 




§1:11 


aabbapa 
■^:::::z« 


adabaaa 


Baaacaa 


ill 


"■ . . a" 


••* 


aoaaaad 
aaaaaaa 

■■■■■■■ 

aoaaaaB 


aaaaaaa 


aaaaaaa 


•'■:''■■ 


illllll 


b::;:::b::b 


!pu?ll 


1,0 




DDIIDDD 
QDaiODD 


• ■•■• 


■ . ••• 


:"". 


:11 


Baaaaa:: 


•■:■? 


L.«! 


•u:. 


::.:aaa:::: 


j- 


z.\ 


: 




:.'-. 


,'■". 


111 




MODDID 


... . 

BDDGBBG- 

■0DD2ID 


pv 


.... "; 


H' ■ 


aaaa'aaa 




BGZBG2B 

Bizazga 


CS.BIZD 


:■■■>-: 


iaiiaa:! 
■■■■■■: 


HI 


aaBaaaa 
aaaaaan 


^Saaoao 


GaacaBG 


"Bi'E." 




■* = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 


FIGURE 16 - MCM66780 PATTERN 


^\A3 . . AO 

ab.aJ^v^ 


oooo 


0001 


0010 


0011 


0100 


0101 


01,0 


0111 


1000 


1001 


1010 


,011 


1100 


1101 


1110 


,,,, 


D6. DO 


06 DO 


D6 DO 


D6 DO 


D6 OO 


D6 DO 


DS DO 


D6. DO 


DO OO 


06 . . DO 


D6 . DO 


D6 . OO 


D6 . . . 00 


D6 DO 


D8 . . . DO 


06 . . DO 




000 








j 


: 


..j:. 


aai:.:a::a 


j."'" 


?■:■!'? 


■■"■•. 


...!'.:. 





: 


■•:•". 


....... 


■:""":■ 


■" ;"■ 


■l=l?Ss 


■ d.:: :::::::: 


001 




■■■■■■* 


aabgzaa 
ocummrs: 


BG'JBZI'B 

acaaaaa 


ebbabba 


§111111 


:.•"• 


aV:a."BB 


MM..J 


M*& 


aaa ' 


"i. ' 


aaccaaa 
a:' ':■: : :>e 


L a i j 


■ ■•a a 


in 


aaaaaBB 


010 






: 


b«dbjbb 


■*!* 


ad baa da 
■ ■■•• 


"■".■'" 


oaaaaaa 


aaaacno 


'!.'' 


■ 


aaaaaDB 
aaoBDBa 

GBGaOBG 
aDGBGOB 

aaaaaaa 


"**l/" 


:: 


....... 


mm 


_* 


on 




acaboBB 

BGGailOB 


ddaagoa 

■ a: :-b 
aaaaaaa 


:bbbbb":: 
aaaaaaa 


babdbaa 

aaaaaaa 


:!...:. 


aabbabb 
■■■■■~:i 

aaa'aaar: 


aa abaca 


"aS^aa* 


BGDDCGB 
BGGGO.GB. 


uaaaaaa 
aoacaQB 

naasann 


:: 


:::J"":.:i:n 


■( 


PIP 


"v 


Illllll 


100 




aaaaaaa 

■Doaoia 

■DDODBD 


:.jaBBBQC 

■ ■ ■■" :•■■■ 

•aacbaa 

■DQDuOB 

BBBBBBB 


dabbd'aa 
aaaaaoa 

aaa'aaac' 


1111111 


| "■ 


aaaaaaa 


acbgbd:: 


juaaaaa 


acSh'^DB 
bcggSgb 


:■■■■■- 

naaBBB-j 


boSaBGt;: 


aoaaooa 


illllll 


addoDDB 


aaaacGB 
aaaaaaa 


Illllll 


101 




1 ! 


■ ::::;:b::b 
.:b:::;::b:'. 


:■•:;■■ 


BOacaan 
UIIMIO 

CGpODOB 


□caacbh 
goaabdb 


a : ■ ■ a 


■aaaanrib 


BGGGGDB 
BCaoaOB 


BGGdODB 


|||iS|S 


II! 


aaaDBoa 


Gaaaaaa 
aaaBDoa 


aaaaaaa 
aaaaaaa 


aaaaoGD 


IIIIIH 


110 






■ ••• 


anaa'a'':; 


...... 


aaaaaaa 

oitlGin 


baaaiGb 
•••■■■ 


..[.. 


aaaaaab 
:■■■■': 


•□CDDBD 

aobaoa:: 


i:baab::t: 
•^■iiiaaa;'::-; 


i 1 


Bcnaac;;) 


! 


BGDBDDB 

aaaaaaa 

BCGBDDB 


adadaad 


Illllll 


in. 




'.o.non 
aoaaaan 


BGOGSah 

OGGCaab 


flcaaSo:! 


<■■■■ / 


aaaaa;:d 


aBBnaap 


abaddcia 


BGtlBGGB 

aaaaaaa 


iiiim 


riaaaar" 


...... 


aaaaaao 
aaaaaaa 


aaaaaaa 
aaaaaBG 

■DOOOBD 

aaaDBBa 
DBBBaao 


■Doooaa 
aaaaooG 


aaoDaoc 


aaaaada 




|T - Shifted character. Thecharactsr isshifted three rows to R3 at thetopof the font and R11 at the bottom. 
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FIGURE 17 - MCM66790 PATTERN 





\A3. 


A0 


0000 


0001 


0010 


oon 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


A6 . . A4\^ 


OG DO 


Oti DO 


Df. DO 


DO DO 


DO 00 


OS DO 


DC 00 


DC 00 


Df. . DO 


06 DO 


D6. DO 


06. DO 


06 . DO 


06 00 


DO DO 


D6 . . . DO 




000 




gc.Sbcgg 


OBOBDOC 


GBCBGaa 

nainBDc 


■■•■■■■ 

noBa'an 


QBCDQBD 


OBGGBOG 


□*oo!8a 


■•■■IDG 
■■■■DOG 


■OOOOGB 


tniDDia 


GBBBBBB 
■aDBDGG 

BGDBGOa 

■■■■■■■ 
■GGIGDO 

■gobooo 
■ooaoao 

■ □GUM 


BOGGGGa 

aaaaaaa 


■OCGGGB 

□■■■■■D 


HI 


Hi 


aDOGGGG 
BOGOOBQ 

aDaaoBa 
OBaaaoD 




00, 




^gbbbbg 
uobbiigc 


caaaiiGc 


GBBBaao 

■aODOBO 


■QDODiD 

■Doaoaa 

■■■■■GO 


aoBBaoG 
□aaBBon 


OBBBBOG 

BOaDDBG 


Illllii 


111 


■aopDQD 

OIBBBOO 
DOGBDDP 


OBDDOBD 


■aaoaaG 

■008000 


GBBBBaa 
BQDDDBG 


OBOGIOG 

■GGGDia 
■ODDDBD 


DBiaaaa 
GBiaaao 


aaaaaaD 
DGDaoaa 

BDOaQBO 

■Gaooaa 

Ssisssl 


ooaaaaa 

GBOGGIG 
■QGGBOB 

OaODDBD 

■oaaauG 


010 






.:^bS5^ 


zSifjS;^ 


111 


bggbggg 
■ •■••<: 

••■•§■: 


"i'BBS" 


BaanBGG 

DIGIGDI 
BGOOBBC 


GoaBBaa 


!sl! 


III 


GOBBBDO 

aaoBGaa 


J35b^5c 




■■■aaia 


GGBBGGr' 

-r.mur.r.r 


|| 


011 




acSacaB 
acaoaaB 


-^gbgiod 


■S^SS-" 


^■■■•■a 


ogzggbg 


■■•■•- .' 

■cSgcbc 

□■■■BCn 


BCGOCGB 

■D3GG0B 


BGGCCOB 


BOGGDOB 


UBBBBBa 
■DGGGGB 

GBBBBBB 
GDDGDOB 


" 


:;p«BpuS 


Jdi'gdg 


naiaaaG 


.-- 1 - •'" J-- 


GBODDGa 
COOBGOO 

acaaooa 


■DGOODB 


coaaaao 

pDDBDDD 


100 




■GGIICI 


bggcggb 
«■■■■■■ 


■■■■BIG 
ObSgGGB 

aazGGaa 
■■•■■■r 


BOGGGGa 
■OGGCGD 


DBGGGOB 
GBGGGaC 

■■■■■r,i 


■BBBBBB 

■□sdgoc 


■■■■■•I 


JUBBB'BG 


BnagGGB 


"JOGBGOG 
GGGBCOD 


COaBBBB 
GGQOaCG 

aGGGBOD 


■oaaoaa 

■■QBOOO 


■aoooaa 


■SSdSoS 


■DDDQaB 


GGBBBGG 

QaaGaaa 

BGDCOOB 

aaocaoa 




101 




J""" 


■ :; : :■::■ 


{••:;•" 


■ U^GG 


ncp«t)G:i 


Baj:ri:pB 
■gS::^'J« 


BODGDOB 

■DDGGGB 


IDOOQDt 

■GDGDQH 

■DQIGGI 
■IGGOII 


lllllll 


SBpl 


■aaaaaa 


ill 


lie! 


jBiaaca 


BGGOODB 


"i'-'l-'ocuc 


no 




llll 


• •■•• 


:.■■■. 


■ 2S::Sgd 


BDOGBBC 


BBBBBBG 


vi- 


J-_.il , 


■OOGDBG 


IIS 


lllllll 


ill 


111 


111 


HI 


obbbboo 


in 




■ODDODO 
•QDDODD 


'uBBBQBG 

■DOGIID 

■aoacBO 

■DODOIG 

gbbbobg 


Ill 


11 


bbbbbS^j 


ililiii 


lli 


■GGIGQI 


lllllll 


GIIHOD 


I! 


aaSaaDD 


IllllH 




lllllfl 


GaoOBOG 


^ = Shifted character. The character is shifted three rows to R3 at the top of the font and R1 1 at the bottom. 
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MCM66700 Series 
Pin Assignment 



MCM6570 Series 
Pin Assignment 



MCM6570 Series 

MCM6571 

MCM6571A 

MCM6572 

MCM6573 

MCM6573A 

MCM6574 

MCM6575 

MCM6576 

MCM6577 

MCM6578 

MCM6579 



MCM66700 Equivalent 

MCM66710 
MCM66714 
MCM66720 
MCM66730 
MCM66734 
MCM66740 
MCM66750 
MCM66760 
MCM66770 
MCM66780 
MCM66790 



Description 

ASCI I, shifted 

ASCII, shifted 

ASCII 

Japanese 

Japanese 

Math Symbols 

Alphanumeric Control 

British, shifted 

German, shifted 

French, shifted 

European, shifted 



CS3 


RS3 


V CC 


RS2 


CS4 


RS1 


A6 


RSO 


D5 


D6 


D3 


Dd 


Dl 


D2 


A5 


00 






CS1 


AO 


A3 


CS2 


A2 


V SS 




APPLICATIONS INFORMATION 



One important application for the MCM66700 series is 
in CRT display systems (Figure 18). A set of buffer shift 
registers or random access memories applies a 7-bit 
character code to the input of the character generator, 
which then supplies one row of the character according 
to the count at the four row select inputs. As each row 
is available, it is put into the TTL MC7495 shift registers. 
The parallel information in these shift registers is clocked 



serially out to the Z-axis where it modulates the raster 
to form the character. 

The MCM66700 series require one power supply of 
+ 5.0 volts. When powering this device from laboratory 
or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure 
can result. Some power supplies exhibit spikes or glitches 
on their outputs when the ac power is switched on and off. 



FIGURE 18 - CRT DISPLAY APPLICATION USING MCM66710 




Character 
Code 




A6 D6 

RS0RS1RS2RS3 



Control 
Counters 



D S 
MC 
C1 
C2 

DPO 
Dpi 
D P2 
Dp 3 



Dpi 
D P2 
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MCM66700 



The formats below are given for your convenience in preparing character information for MCM66700 programming. 
THESE FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom 
Programming instructions for detailed procedures. 



nharartpr Nnmhpr 






Character Nnmhpr 






Charartpr Nnmhpr 






MSB LSB HEX MSB LSB HEX MSB LSB HEX 


DDDD 


DDDD 






r DDDD 


DDDD 






r DDDDDDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






DDD 


DDDD 






r DDD 


DDDD 






r DDD 


DDDD 






DDD 


DDDD 






r DDD 


DDDD 






DDD 


DDDD 






ODD 


DDDD 






DDDDDDD 






DDDDDDD 






DDD 


DDDD 






ODD 


DDDD 






DDD 


DDDD 






DDD 

S D6 D4 


DDDD 

D3 DO 






DDD 

S D6 D4 


DDDD 

D3 DO 






ODD 

S D6 D4 


DDDD 

D3 DO 







Character Number . 



Character Number . 



Character Number . 



LSB HEX 



DDDD 
DDD 
DDD 
DDD 
DDD 
DDD 
DDD 
DDD 
DDD 



DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 

D3 DO 







DDD 
DDD 
DDD 
ODD 
DDD 
DDD 
DD 
ODD 
DDD 

S D6 



Dp DDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDD 
DDDD 
DDDD 



DDI 



DDD 
DD 
DDD 
DDD 
DDD 
DDD 
DD 
ODD 
DDD 



DD 



DDD 
DDDDD 
DDDD 
DDDD 
DDDD 
DDDD 

DDD 
DDDD 
DDDD 



DDI 



Character Number . 



LSB HEX 



Character Number . 



Character Number . 



DDD 
DDD 
DDD 
DDD 
DDD 
DDD 
DDD 
ODD 
DDD 



DpDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



DDD 
DD 
DDD 
DDD 
DDD 
DDD 
ODD 
ODD 
DDD 



S D6 D4 



DpDDD 
DDDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 
DDDD 



DDDDDDDD 
DDDDDDD 
DDDDDDD 
DDDDDDD 
DDDDDDD 
DDDDDDD 
DDDDDDD 
DDDDDDD 
DDDDDDD 

S D6 D4ID3 DO 



HEX 
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MOTOROLA 



MCM65516 



2048 x 8 BIT READ ONLY MEMORY 

The MCM65516 is a complementary MOS mask programmable byte 
organized read only memory (ROM). The MCM65516 is organized as 
2048 bytes of 8 bits, designed for use in multiplex bus systems. It is 
fabricated using Motorola's high performance silicon gate CMOS 
technology, which offers low-power operation from a single b.Q volt 
supply. 

The memory is compatible with CMOS microprocessors that share 
address and data lines. Compatibility is enhanced by pins 13, 14, 16, 
and 17 which give the user the versatility of selecting the active levels of 
each. Pin 17 allows the user to choose active high, active low, or a third 
option of programming which is termed the "MOTEL" mode. If this 
mode is selected by the user, it provides direct compatibility with either 
the Motorola MC146805E2 or Intel 8085 type microprocessor series. In 
the MOTEL operation the ROM can accept either polarity signal on the 
data strobe input as long as the signal toggles during the cycle. This 
unique operational feature makes the ROM an extremely versatile 
device. 

• 2Kx8CMOS ROM 

• 3 to 6 Volt Supply 

• Access Time 

430 ns (5 V) MCM65516-43 
550 ns (5 V) MCM65516-55 

• Low Power Dissipation 

15 mA Maximum (Active) 
30 nA Maximum (Standby) 

• Multiplex Bus Directly Compatible With CMOS Microprocessors 
(MC146805E2, NSC800) 

• Pins 13, 14, 16, and 17 are Mask Programmable 

• MOTEL Mask Option Also Insures Direct Compatibility with NMOS 
Microprocessors Like MC6803, MC6801, 8085, and 8086 

• Standard 18 Pin Package 




BLOCK DIAGRAM 



AQ0-AQ7 



tea 



Control 
Logic 



S Disables 

Output Buffers 

E, I Limit 

Power Dissipation 






Output Buffers 

and 
Sense Amps 



AAAAAAAA 



A8, A9, A10 



ill 



Address 
Latch 



Y-Gating 



Y 
Decode 



ROM Array 
(128x128) 



X 
Decode 



Precharge 
Circuit 



CMOS 

(COMPLEMENTARY MOS) 

2048x8 BIT 

MULTIPLEXED BUS 

READ ONLY MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 680 



P SUFFIX 

PLASTIC PACKAGE 
CASE 707 



PIN ASSIGNMENTS 




PIN NAMES 

AQ0-AQ7. :. Address/Data Output 

A8-A10 Address 

M -...':.. Multiplex Address Strobe 

E Chip Enable 

S .Chip Select 

G .Data Strobe (Output Enable) 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


V 


Input Voltage 


Vin 


-0.3 to +7.0 


V 


Operating Temperature Range 


T A 


to +70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af- 
fect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 
(Vcc must be applied at least 100 /is before proper device operation is achieved) 


v cc 


4.5 


5.0 


5.5 


V 


Input High Voltage 


V|H 


V CC -2.0 


- 


vcc 


V 


Input Low Voltage 


VlL 


-0.3 


- 


0.8 


V 



RECOMMENDED OPERATING CHARACTERISTICS 



Characteristic 


Symbol 


MCM66616-43 


MCM66616-55 


Unit 


Test Condition 


Min 


Max 


Min 


Max 


Output High Voltage 
Source Current - 1 .6 mA 


VOH 


V C C -0.4 V 


- 


Vcc -0.4 V 


- 


V 




Output Low Voltage 
Sink Current + 1 .6 mA 


vol 


- 


0.4 


- 


0.4 


V 




Supply Current (Operating) 


icci 


- 


15 


- 


15 


mA 


C L =130pF,V in = V| H toV lL 

tcy C =1.0/4S 


Supply Current (DC Active) 


!CC2 


- 


100 


- 


100 


/•A 


V in = VcctoGND 


Standby Current 


>ISB 


- 


30 


- 


50 


(*A 


Vj n =V cc toGND 


Input Leakage 


tin 


-10 


+ 10 


-10 


+ 10 


*A 




Output Leakage 


lOL 


-10 


+ 10 


-10 


+ 10 


/•A 





CAPACITANCE (f = 1.0 MHz, Ta=25°C, periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Qn 


5 


pF 


Output Capacitance 


Cout 


12.5 


PF 



RECOMMENDED OPERATING CONDITIONS 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 

READ CYCLE 

C L =130pF 



Parameter 


Symbol 


MCM65516-43 


MCM65516-55 


Unit 


Min 


Max 


Min 


Max 


Address Strobe Access Time 


tMLDV 


- 


430 


- 


550 


ns 


Read Cycle Time 


tMHMH 


- 


750 


- 


1000 


ns 


Multiplex Address Strobe High to Multiplex Address Strobe Low (Pulse Width) 


tMHML 


150 


- 


175 


- 


ns 


Data Strobe Low to Multiplex Address Strobe Low 


tGLML 


50 


- 


50 


-•■■ 


ns 


Multiplex Address Strobe Low to Data Strobe High 


tMLGH 


100 


— 


160 


.;- 


ns 


Address Valid to Multiplex Address Strobe Low 


«AVML 


50 


• - 


50 




ns 


Chip Select Low to Multiplex Address Strobe Low 


l SLML 


50 


■■■'- ' 


50 


- 


ns 


Multiplex Address Strobe Low to Chip Select High 


tMLSH 


50 


- 


80 


- 


ns 


Chip Enable Low/ High to Multiplex Address Strobe Low 


tELML 
tEHMH 


50 
50 


— ' 


50 
50 


— 


ns 


Multiplex Address Strobe Low to Address Don't Care 


*MLAX 


50 


- 


80 


- 


ns 


Data Strobe High to Data Valid 


*GHDV 


175 


- 


200 


- 


ns 


Data Strobe Low to High Z 


tGLDZ 


- : 


160 


- 


160 


ns 
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READ CYCLE TIMING 





AQO to AQ7 



FUNCTIONAL DESCRIPTION 

The 2Kx8 bit CMOS ROM (MCM65516) shares address 
and data lines and, therefore, is compatible with the majority 
of CMOS microprocessors in the industry. The package size 
is reduced from 24 pins for standard NMOS ROMs to 18 pins 
due to the multiplexed bus approach. The savings in 
package size and external bus lines adds up to tighter board 
packing density whiph is handy for battery powered hand 
carried CMOS systems. This ROM is designed with the in- 
tention of having very low active as well as standby currents. 
The active power dissipation of 150 mW (at V(x = 5 V 
freq= 1 MHz) and standby power of 250 /iW (at V.cc = 5 V) 
add up to low power for battery operation. The typical ac- 
cess time of the ROM is 280 ns making it acceptable for 
operation with today's existing CMOS microprocessors. 

An example of this operation is shown in Figure 1. Shown 
is a typical connection with either the Motorola MC146805E2 
CMOS microprocessor (M6800 series) or the National 
NSC800 which is an 8085 or Z80 based system. The main dif- 
ference between the systems is that the data strobe (DS) on 
the MC146805E2 and the read bar (RD) on the 8085 both 
control the output of data from the ROM but are of opposite 
polarity. The Motorola 2K x 8 ROM can accept either polarity 
signal on the data strobe input as long as the signal toggles 
during the cycle. This is termed the MOTEL mode of opera- 
tion. This unique operational feature makes the ROM an ex- 
tremely versatile part. Further operational features are ex- 
plained in the following section. 

Operational features 

In order to operate in a multiplexed bus sytem the ROM 
latches, for one cycle, the address and chip select input inr 
formation on the trailing edge of address strobe (M) so the 
address signals can be taken off the bus. 

Since they are latched, the address and chip select signals 
have a setup and hold time referenced to the negative edge 



of address strobe. Address strobe has a minimum pulse 
width requirement since the circuit is internally precharged 
during this time and is setup for the next cycle on the trailing 
edge of address strobe. Access time is measured from the 
negative edge of address strobe. 

The part is equipped with a data strobe input (G) which 
controls the output of data onto the bus lines after the ad- 
dresses are off the bus. The data strobe has three potential 
modes of operation which are programmable with the ROM 
array. The first mode is termed the MOTEL mode of opera- 
tion. In this mode, the circuit can work with either the 
Motorola or Intel type microprocessor series. The difference 
between the two series for a ROM peripheral is only the 
polarity of the data strobe signal. Therefore, in the MOTEL 
mode the ROM recognizes the state of the data strobe signal 
at the trailing' edge of address strobe (requires a setup and 
hold time), latches the state into the circuit after address 
strobe, and turns on the data outputs when an opposite 
polarity signal appears on the data strobe input. In this man- 
ner the data strobe input can work with either polarity signal 
but that signal must toggle during a cycle to output data on 
the bus lines. If the data strobe remains at a d.c. level the 
outputs will remain off." The data strobe input has two other 
programmable modes of operation and those are the stan- 
dard static select modes (high or low) where a d.c. input not 
synchronous with the address strobe will turn the outputs on 
or off. 

The chip enable and chip select inputs are all program- 
mable with the ROM array to either a high or low select. The 
chip select acts as an additional address and is latched on the 
address strobe trailing edge. On deselect the chip select 
merely turns off the output drivers acting as an output 
disable. It does not power down the chip. The chip enable in- 
puts, however, do put the chip in a power down standby 
mode but they are not latched with address strobe and must 
be maintained in a d.c. state for a full cycle. 
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FIGURE 1 
TYPICAL MINIMUM SYSTEM - MOTOROLA 
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INTRODUCTION 

CBUG05 is a debug monitor program written for the 
MC146805E2 Microprocessor Unit and contained in the 
MCM65516 2Kx8 CMOS ROM. CBUG05 allows for rapid 
development and evaluation of hardware and M6805 Family 
type software, using memory and register examine/change 
commands as well as breakpoint and single instruction trace 
commands. CBUG05 also includes software to set and 
display time, using an optional MC146818 Real-Time Clock 
(RTC), and routines to punch and load an optional cassette 



interface. Figure 2 shows a minimum system which only re- 
quires the MPU, ROM, keypad inputs and display output in- 
terfaces. Port A of the MC146805E2 MPU is required for the 
I/O; however, Port B and all other MC146805E2 MPU 
features remain available to the user. A possible expanded 
system is shown in Figure 3. If additional information is re- 
quired, please refer to Application Note AN-823 - "CBUG05 
Debug Monitor Program for MC146805E2 Microprocessor 
Unit." 



FIGURE 2 - MINIMUM CBUG05 SYSTEM 
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FIGURE 3 - EXPANDED CBUG05 SYSTEM 
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MCM65516 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM65516 the customer may specify the content of the 
memory and the method of enabling the outputs, or selec- 
tion of the "MOTEL" option (Pin 17). 

Information on the general options of the MCM65516 
should be submitted on an Organizational Data form such as 
that shown in the below figure. 



Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs 

One 16K (MCM2716, or TMS2716). 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC character 
code. Motorola's R.O.M.S. format. 



FORMAT FOR PROGRAMMING GENERAL OPTIONS 





ORGANIZATIONAL DATA MOS READ ONLY MEMORY 


Customer: 

Company 






Motorola Use Only 




Pari No 




DnntP- 
Part Nn ■ 














Phone No. 
Programmable Pin Options 








. . 13 14 16 17 
Active 

High O 




* ctive D D D D 
Low 




MOTEL D 
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MOTOROLA 



2048 X 8 BIT READ ONLY MEMORY 

The MCM68A316E is a mask-programmable byte-organized 
memory designed for use in bus-organized systems. It is fabricated 
with N-channel silicon-gate technology. For ease of use, the device 
operates from a single power supply, has compatibility with TTL and 
DTL, and needs no clocks or refeshing because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content 
are defined by the user, 

• Fully Static Operation 

• Three-State Data Output 

• Mask-Programmable Chip Selects for 

Simplified Memory Expansion 

• Single ±10% 5-Volt Power Supply 

• TTL Compatible 

• Maximum Access Time = 350 ns 

• Plug-in Compatible with 231 6E 

• Pin Compatible with 2708 and TMS2716 EPROMs 




MOTOROLA'S PIN-COMPATIBLE ROM FAMILY 



64K 




171Q7 
161Q6 
151Q5 
141Q4 
131Q3 



MCM68A308 



INDUSTRY STANDARD PINOUTS 



MCM68A316E 



MOS 



(N-CHANNEL, SILICON-GATE) 

2048 X 8 BIT 
READ ONLY MEMORY 



C SUFFIX 

FRIT-SEAL CERAMIC PACKAGE 
CASE 623 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 



A5[ 
A4[ 
A3[ 
A2[ 

A1[ 

A0[ 
Q0[ 

QIC 
02[ 

vss[ 



]v C c 

]A8 
]A9 
]S3 

1S1 

]A10 

]S2 
]Q7 
]Q6 
]Q6 
]Q4 
13 ]Q3 



PIN NAMES 


AO-AIO 


. . . Address Inputs 


S1-S3 


. . .Chip Selects 


Q0-Q7 


. . . Data Output 


v C c 


. . . +5 V Power Supply 


v S s 


. . . Ground 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


. 5.5 


Vdc 


Input Low Voltage 


VlL 


-0.3 


- 


0.8 


Vdc 


DC CHARACTERISTICS 




Characteristic 


Symbol 


Min 


Max 


Unit 


Input Current 

(V in = to 5.5 V) 


'in 


-2.5 


2.5 


/jAdc 


Output High Voltage 
(l H = -205mA) 


V H 


2.4 


~~ 


Vdc 


Output Low Voltage 
(IOL =1 -6mA) 


vol 


— 


0.4 


Vdc 


Output Leakage Current (Three-State) 

(S = 0.8 V orS = 2.0 V, V out = 0.4 V to 2.4 V) 


'lo 


-10 


10 


AiAdc 


Supply Current 

(V CC = 5.5 V, T A = 0°C) 


'cc 




130 


mAdc 



ABSOLUTE MAXIMUM RATINGS (See Note 1) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


T A 


Oto +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect device reliability. 



CAPACITANCE 

(f = 2.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cjn 


7.5 


PF 


Output Capacitance 


'-out 


12.5 


PF 



MC6800 
Microprocessor 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MCM68A316E 
Read Onl 
Memory 



Random 
Access 
Memory 



Interface 
Adapter 



Interface 
Adapter 



Address Data 
Bus Bus 



BLOCK 
DIAGRAM 





Address 
Decode 


















Memory 

Matrix 

(2048 x 8) 


3 -State 
Output 
Buffers 







* 










* 




* 


m 






m 







m 




* 


m 




* 


* 


























r^ 





A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 



Active level defined by the user. 



9 QO 

10 Q1 

11 Q2 

13 Q3 

14 Q4 

15 Q5 

16 Q6 

17 Q7 
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MCM68A316E 



FIGURE 1-AC TEST LOAD 





MMD70O0 
or Equiv 



'Includes Jig Capacitance 



This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or elec- 
tric fields; however, it is advised 
that normal precautions be taken 
to avoid application of any vol- 
tage higher than maximum rated 
voltages to this high-impedance 
circuit. 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted. 
All timing with t r = tf = 20 ns, Load of Figure 1 ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Cycle Time 


t cyc 


350 


- 


ns 


Access Time 


t acc 


- 


350 


ns 


Chip Select to Output Delay 


tso 


- 


150 


ns 


Data Hold from Address 


*DHA 


10 


- 


ns 


Data Hold from Deselection 


tH 


10 


150 


ns 



TIMING DIAGRAM 



X2.0 V 
0.8 V 



X 



r.i. v 

0.4 V 



Wdha_| 
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CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM68A316E, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68A316E 
should be submitted on an Organizational Data form such as 
that shown in Figure 2. ("No-Connect" must always be the 
highest order Chip Select(s).) 



Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROM (TMS2716 or MCM2716) 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC character 
code. Motorola's R.O.M.S. format. 





FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 








ORGANIZATIONAL DATA 






MCM68A316E MOS READ ONLY MEMORY 




Customer: 














Motorola Use Only: 




Company - 






Oiintp- 






Part No. 


















Part No.: 










Phnnp No 




Specif. No. 














Chip Select: 




Active 


Active 


No 






High 


Low 


Connect 




S1 


□ 


□ 


□ 




S2 


□ 


□ 


□ 




S3 


□ 


□ 


□ 
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MOTOROLA 



MCM68A332 



4096 X 8-BIT READ ONLY MEMORY 

The MCM68A332 is a mask-programmable byte-organized 
memory designed for use in bus-organized systems. It is fabricated 
with N-channel silicon-gate technology. For ease of use, the device 
operates from a single power supply, has compatibility with TTL and 
DTL, and needs no clocks or refreshing because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content 
are defined by the user. 

• Fully Static Operation 

• Three-State Data Output for OR-Ties 

• Mask-Programmable Chip Selects for Simplified Memory 
Expansion 

• Single +10% 5-Volt Power Supply 

• Fully TTL Compatible 

• Maximum Access Time = 350 ns 

• Directly Compatible with 4732 

• Preprogrammed. MCM68A332-2 Available 




MOTOROLA'S PIN-COMPATIBLE ROM FAMILY 



64K 



A7[1 • 

A6C2 

A5C 

A4U 

A3C5 

A2C 

A1[ 

AOC 



Q0I9 

Q1M0 

Q2M1 

Vss £ 12 



24hVcC 
23 1A8 - 
221A9 



32K 



21 JA12 
20 IE 
19 'A10 
18IA11 



~24~bVcc 
23 1A8 

22DA9 



171Q7 
16 3Q6 
151Q5 
14JQ4 
131Q3 



MCM68364 
MCM68365 



16K 



21 IS 
20 ]§ 
19'A10 
18IA11 



]VCC 
23 1A8 - 
221A9 



171Q7 
16 3Q6 
151Q5 
14 3Q4 
13 3Q3 



IS 
IS 
1A10 



MCM68A332 



8K 



24b v CC 



21 

20t>S 
19 
18bS 



]A8 
1A9 



17pQ7 
161Q6 
151Q5 
14JQ4 
133Q3 



21 IS 



17 



MCM68A316E 



3Q7 



16 3Q6 



]Q5 
3Q4 



131Q3 



MCM68A308 



INDUSTRY STANDARD PINOUTS 



MOS 



(N-CHANNEL, SILICON -GATE) 

4096 X 8-BIT 
READ ONLY MEMORY 



24 nlTU 




1 


P SUFFIX 




PLASTIC PACKAGE 




CASE 709 



24 ] V C C 




PIN NAMES 

A0-A1 1 . , Address Inputs 

S 1 , S2 Programmable Chip Selects 

Q0-Q7 Data Output 

Vcc +5V Power Supply 

Vss Ground 



6-34 



MCM68A332 



BLOCK 
DIAGRAM 
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A7 


1 
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23 


A9 


22 
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Decode 
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r^ 





9 QO 

10 Q1 

11 Q2 

13 Q3 

14 Q4 

15 Q5 

16 Q6 

17 Q7 



V cc = Pin 24 
V« = Pin 12 



Active level defined by the user 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS 



Parameter 


Symbol 


Mill 


Typ 


Max 


Unit 


Supply Voltage (V(;c must be applied at least 100 ms before proper device operation is achieved.) 


v C c 


4.5 


5.0 


5.5 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


5.5 


Vdc 


Input Low Voltage 


V|L 


-0.3 


. ■- ■ 


0.8 


Vdc 


DC CHARACTERISTICS 




Characteristic 


Symbol 


Min 


Max 


Unit 


Input Current 

(V in = to 5.5 V) 


I in 


-2.5 


2.5 


jjAdc 


Output High Voltage 
(I O H = -205mA) 


V H 


2.4 


— 


Vdc 


Output Low Voltage 
(lOL = 1.6mA) 


vol 


_ 


0.4 


Vdc 


Output Leakage Current (Three-State) 

(S = 0.8 V or S = 2.0 V, V out = 0.4 V to 2.4 V) 


■lo . 


-10 


10 


pAdc 


Supply Current 

(V CC = 5.5 V,T A = 0°C) 


•cc 




80 


mAdc 



ABSOLUTE MAXIMUM RATINGS (See Note 1 ) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 


T A 


0to+70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 



NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect device reliability. 



This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or elec- 
tric fields; however, it is advised 
that normal precautions be taken 
to avoid application of any vol- 
tage higher than maximum rated 
voltages to this high-impedance 
circuit. 



CAPACITANCE 

(f = 1 .0 MHz, Ta = 25°C, periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Typ 


Max 


Unit 


Input Capacitance 


Cin 


5.0 


7.5 


pF 


Output Capacitance 


C ou t 


9.0 


12.5 


pF 



MC6800 
croprocessor 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 



MCM68A332 
HPdd Onlv 
Memory 



Access 
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Interface 
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Interface 
Adapter 



Address Data 
Bus Bus 
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FIGURE 1-AC TEST LOAD 



Test Point o — ♦■ 



5.0 V 

R L = 2.5 k 

MMD6150 
or equivalent 

l/L MMD7000 
r equivalent 



•Includes jig capacitance 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted. 
All timing with t r =tf=20 ns, Load of Figure 1) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Cycle Time 


l cyc 


350 


- 


ns 


Access Time 


tacc 


- 


350 


ns 


Chip Select to Output Delay 


tso 


- 


150 


ns 


Data Hold from Address 


*DHA 


10 


- 


ns 


Data Hold from Deselection 


tH 


10 


150 


ns 









TIMING DIAGRAM 










I 






ace mi ' 




|- 


Address, A &$$& 


L 2.0V 

- e.e v 




^mmm^ 












Chip Select. S^^gggg^ 


c 2.0 V 




0.8 V* 

04 "A 


mm$$tm& 








r 0.8-V 






CmpSe,ec,S^^^ 


V9999999999X& 




? 




♦ tH— I 
JDHA_| 




'?flV \ 








0.8 V s 


f 





Waveform 
Symbol 


Input 


Output 


Waveform 
Symbol Input 


Output 


Waveform 
Symbol 


Input 


Output 




MUST BE 
VALID 


WILL BE 
VALID 




CHANGING: 

STATE 
UNKNOWN 


=>- 


- 


HIGH 
IMPEDANCE 




A^VVVSAAA DON' I CAHL 


| 


PERMITTED 
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MCM68A332 CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
MCM68A332, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68A332 
should be submitted on an Organizational Data form such as 
that shown in Figure 2. (A "No-Connect" or "Don't Care" 
must always be the highest order Chip Select(s).) 

Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs-two 16K (MCM2716 or TMS2716) 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC character 
Code. Motorola;s R.O.M.S. format. 



PRE-PROGRAMMED MCM68A332P2 

The -2 standard ROM pattern contains sine-lookup and 
arctan-lookup tables. 



Locations 0000 through 2001 contain the sine values. The 
sine's first quadrant is divided into 1000 parts with sine 
values corresponding to these angles stored in the ROM. Sin 
t/2 is included and is rounded to 0.9999. 

The arctan values contain angles in radians corresponding 
to the arc tangents of through 1 in steps of 0.001 and are 
contained in locations 2048 through 4049. 

Locations 2002 through 2047 and 4050 through 4095 are 
zero filled. 

All values are represented in absolute decimal format with 
four digit precision. They are stored in BCD format with the 
two most significant digits in the lower byte and the two 
least significant digits in the upper byte. The decimal point is 
assumed to be to the left of the most significant digit. 



Example 
Address 


Sin 


_L_ 

1000 


2 


= 0.0016 decimal 
Contents 


0002 
0003 








oooo 

0001 


0000 
0110 



FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 



Customer: 

Company 

Part No. 

Originator 

Phone No. 
Chip Select Options: 


ORGANIZATIONAL DATA 
MCM68A332 MOS READ ONLY MEMORY 








OuntP 

Part No. 
Specif. No. 


Motorola Use Only 




Active High 

si D 

S2 D 


Active Low 

D 
D 


No-Connect 
□ 

D 
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MOTOROLA 



MCM68364 



64K-BIT READ ONLY MEMORY 

The MCM68364 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device operates 
from a single power supply, and is TTL compatible. The addresses are 
latched with the Chip Enable input - no external latches required. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. The Chip Enable input 
deselects the output and puts the chip in a power-down mode. 

• Single ± 10% 5-Volt Power Supply 

• Automatic Power Down 

• Low Power Dissipation 

150 mW active (typical) 
35 mW standby (typical) 

• High Output Drive Capability (2 TTL Loads) 

• Three-State Data Output for OR-Ties 

• TTL Compatible 

• Maximum Access Time 

200 ns - MCM68364-20 
250 ns - MCM68364-25 
300 ns - MCM68364-30 

• Pin Compatible with 8K - MCM68A308, 16K - MCM68A316E, 
and 32K - MCM68A332 Mask-Programmable ROMs 

• Pin Compatible with 24-pin 64K EPROM MCM68764 



MOS 

(N-CHANNEL. SILICON-GATE) 

8192 x 8-BIT 
READ ONLY MEMORY 




MOTOROLA'S PIN COMPATIBLE ROM FAMILY 



64K 



ASE3 

A4U 

A3! 5 

A2<6 

A1I7 

A0(8 

DQOf.9 

DQ1I10 

DQ2I11 

Vss'12 



24)VCC 
23 1A8 - 
22IA9 
21 >A12 
20 l5 r 
191A10 
L14IA11 
17 1Q7 
161Q6 
15)05 
141Q4 
13)03 



64K 



MCM68366 



24 ]VCC 
231A8 - 
221A9 ' 
21 1A12 
20 IE 
19 >A10 
LlfllAH 
17)07 
161Q6 
15IQ5 
14JQ4 
131Q3 



32K 



MCM68364 
MCM68365 



24 ]VCC 

231A8 ~ 

221A9 

21 IS 

20 )S 

19>A10 

J8IA11 

17)07 

16)06 

15)Q5 

141Q4 

13)03 



]VCC 

)A8 

)A9 

)S 

)S 

)A10 

IS 

)Q7 

]Q6 

)Q5 



MCM68A332 



14JQ4 
131Q3 



MCM68A316E 



INDUSTRY STANDARD PIN-OUTS 




C SUFFIX 

FRIT-SEAL PACKAGE 
CASE 623 



P SUFFIX 

PLASTIC PACKAGE 
CASE 709 







PIN ASSIGNMENT 






A7[ 


i • v_y 24 


] VCC 


A6[ 


2 23 


] A8 


A5[ 


3 22 


] A9 


A4[ 


4 21 


] A12 


A3[ 


5 20 


] E 


A2 [ 


6 19 


] A10 


A1[ 


7 18 


] A11 


A0[ 


8 17 


] Q7 


QOC 


9 16 


] Q6 


Q1[ 


10. 15 


] Q5 


Q2C 


11 14 


] Q4 


VssC 


12 13 


] Q3 














PIN NAMES 


A0-A12 . 

E 

Q0-Q7 . . 


C 

D 


Address 
;hip Enable 
ata Output 
/ver Supply 
. . .Ground 


vcc • • ■ 
vss---- 


+5VPo 









This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 
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BLOCK 
DIAGRAM 



A3 5 

A4 4 

A5 3 

A6 2 

A7 1 

A8 23 

A9 22 

A10 19 

A11 18 

A12 21 



Address 
Decode 





*■ 






Memory 


* 


Matrix 




(8192 X 8) 


w 








»► 



3-State 
Output 
Buffers 



_^- 10 D1 
->. 11 D2 



->.. 13 D3 

_^. 14 D4 

_^. 15 D5 

_^_ 16 D6 

_w 17 D7 



v cc = r-m to, 
Vcc = Pin 12 



ABSOLUTE MAXIMUM RATINGS (See note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.5 to + 7.0 


Vdc 


Input Voltage 


Vin 


-0.5 to +7.0 


Vdc 


Operating Temperature Range 


T A 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could 
affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit | 


Supply Voltage 
(Vcc must be applied at least 100 fjs before proper device 

operation is achieved, E = V|h) 


VCC 


4.5 


5.0 


5.5 


V 


Input High Voltage 


Vih 


2.0 


- 


VCC 


V 


Input Low Voltage 


VlL 


-0.3 


- 


0.8 


V 


DC OPERATING CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current (V| n = to 5.5 V) 


tin 


-10 


- 


10 


MA 


Output High Voltage (Ioh = -220 /vA) 


voh 


2.4 


'- 


- 


V 


Output Low Voltage (lOL = 3.2 mA) 


vol 


- 


- 


0.4 


V 


Output Leakage Current (Three-State) 
(E = 2.0 V, Vout = V to 5.5 V) 


Ilo 


-10 


— 


10 


A<A 


Supply Current — Active* 
(Minimum Cycle Rate) 


ice 


— 


25 


40 


mA 


Supply Current — Standby 
(E=V| H ) 


ISB 


— 


7 


10 


mA 


♦Current is proportional to cycle rate. 
CAPACITANCE (f = 1.0 MHz, T A = 25°C, periodically sampled rather th< 


sn 100% tested) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cjn 


8 


PF 


Output Capacitance 


Cout 


15 


PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

Read Cycle 



RECOMMENDED AC OPERATING CONDITIONS 

(Ta = to 70°C, Vcc = 5.0 V ±10%. All timing with t r = tf=20 ns 


loads of Figi 


jre 1) 














Parameter 


Symbol 


MCM68364-20 


MCM68364-25 


MCM68364-30 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Chip Enable Low to Chip Enable Low of 
Next Cycle (Cycle Time) 


<ELEL 


*CYC 


300 


- 


375 


- 


450 


■ - 


ns 


Chip Enable Low to Chip Enable High 


l ELEH 


tEW 


200 


- 


250 


- 


300 


- 


ns 


Chip Enable Low to Output Valid (Access) 


«ELQV 


tEA 


- 


200 


- 


250 


- 


300 


ns 


Chip Enable High to Output High Z (Off Time) 


tEHQZ 


l EHZ 


10 


60 


- 


60 


- 


75 


ns 


Chip Enable Low to Address Don't Care (Hold) 


tELAX 


*AH 


60 


- 


60 


- 


75 


- 


ns 


Address Valid to Chip Enable Low (Address Setup) 


l AVEL 


tAS 





- 





- 





- 


ns 


Chip Enable Precharge Time 


*EHEL 


tEP 


100 


- 


125 


- 


150 


- 


ns 



TIMING DIAGRAM 



CHIP ENABLE, E 



ADDRESS, A 



DATA OUTPUT, Q 



Vih- 
V|L- 



VlH- 
VlL 



a 



VOH- 
VOL-~ 



\ 



/ \ 



-tELEH- 



•♦-tELAX-*- 



■tEHEL- 



■*tEHQZ*J 



-tELQV- 



-High Z- 



.c 



\ 



> 



-High Z- 



FIGURE 1 - AC TEST LOAD 




Test Point o t j | ^ . MMD61 50 

. . or Equiv 

3 I MMD7000 
] T or Equiv 



100pF*?fc > 10.9 k 



'Includes Jig Capacitance 



Waveform 
Symbol 



JEW 



WAVEFORMS 

Input 



■ WILL CHANGE 
FROM H TO L 



DON'T CARE: . . CHANGING: 
ANY CHANGE STATE 

PERMITTED UNKNOWN 
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PRODUCT DESCRIPTION 

This Motorola MOS Read Only Memory (ROM), the 
MCM68364, is a clocked or edge enabled device. It makes 
use of virtual ground ROM cells and clocked peripheral cir- 
cuitry, allowing a better speed-power product. 

The MCM68364 has a period during which the non-static 
periphery must undergo a precharge. Therefore, the cycle 
time is slightly longer than the access time. It is essential that 
the precharge requirements are met to ensure proper address 
latching and avoid invalid output data. Once the address 
hold time has been met, new address information can be 
supplied in preparation for the next cycle. 

CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
MCM68364, the customer may specify the contents of the 
memory. 

Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - one 64K (MCM68764), two 32K, or four 
16K (MCM2716or TMS2716). 

2. Magnetic Tape — 9 Track, 800 bpi, odd parity written 
in EBCDIC character code. Motorola's R.O.M.S. for- 
mat. 



PRE-PROGRAMMED MCM68364P25-3 

The - 3 standard ROM pattern contains log (base 10) and 
antilog (base 10) lookup tables for the 64K ROM. 

Locations 0000 through 3599 contain log base 10 values. 
The arguments for the log table range from 1.00 through 
9.99 incrementing in steps of 1/100. Each log value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the left of the most significant digit. 

Antilog (base 10) are stored in locations 4096 through 
8095. The arguments range from .000 through .999 in- 
crementing in steps of 1/1000. Each antilog value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the right of the most significant digit. 

Locations 3600 through 4095 and 8096 through 8191 are 
zero filled. 

All values are represented in absolute decimal format with 
eight digit precision. They are stored in BCD format with the 
two most significant digits in the lower byte and the remain- 
ing six digits in the three consecutive locations. 



Example: 
log 1o (1.01) = 



.00432137 decimal 



Address 


Contents 


4 
5 
6 
7 


0000 0000 
0100 0011 

0010 0001 

0011 0111 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 





MC6800 












MCM68364 
Read Only 
Memory 






I 


k 








i 
























Random 
Access 
Memory 






< 
























Interface 
Adapter 






( 


























Interface 
Adapter 




Modem 












t 1 






1 


1 









Address Data 
Bus Bus 



READ ONLY MEMORY 
BLOCK DIAGRAM 



Memory 

Matrix 

(8192x8) 



Data 
Buffer 



Data Bus 



Selection 
and Control 



Memory Address 
and Control 
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MOTOROLA 



64K BIT READ ONLY MEMORY 

The MCM68365 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device operates 
from a single power supply, has compatibility with TTL, and needs no 
clocks or refreshing due to its static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. The active level of the 
Chip Enable input and the memory content are defined by the user. The 
Chip Enable input deselects the output and puts the chip in a power- 
down mode. 

• Fully Static Operation 

• Automatic Power Down 

• Low Power Dissipation — 125 mW Active (Typical) 

25 mW Standby (Typical) 

• Single ± 10% 5-Volt Power Supply 

• High Output Drive Capability (2 TTL Loads) 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Enable 

• TTL Compatible 

• Maximum Access Time - 250 ns - MCM68365-25 

300 ns - MCM68365-30 
350 ns - MCM68365-35 

• Pin Compatible with 16K - MCM68A316Eand32K - MCM68A332, 
64K - MCM68364, MC68366 Mask-Programmable ROMs 




PIN COMPATIBLE ROM FAMILY 
(INDUSTRY STANDARD PIN-OUTS) 



64K 



A7(1« 

A6I2 

A5C3 

A4U 

A3I5 

A2<6 

AH 7 

A0I8 

DQ0I9 

DQ1M0 

DQ2C11 

Vs$H2 



24]jVcc 
23)A8 - 
22IA9 
21 >A12 
20 liS 
19 >A10 
LlfilAH 
17IQ7 
16)06 
15)05 
14104 
13)03 



64K 



MCM66366 



24 jVcC 
23 1A8 - 
221A9 ' 
21 >A12 
20 >E 
19IA10 
JSIA11 
17)07 
16IQ6 
15)05 
14IQ4 
13IQ3 



32K 



MCM68364 
MCM68365 



24]]VCC 
23 1A8 - 
221A9 
21 )S 
20 )S 
19 IA10 
18IA11 
17)07 
161Q6 
15)05 
14)04 
131Q3 



16K 



MCM68A332 



24]]VCC 

23 1A8 

221A9 

21 IS 

20 )§ 

191A10 

181S 

171Q7 

16IQ6 

15)Q5 

14)04 

13)03 



MCM68A316E 



MCM68365 



MOS 



(N-CHANNEL, SILICON-GATE) 

8192 x 8-BIT 
READ ONLY MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 




PIN NAMES 


A0-A12. 


....Address 


E. 


....Chip Enable 


Q0-Q7. 


....Data Output 


vcc- 


.... +5 V Power Supply 


vss- 


....Ground 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. 
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BLOCK DIAGRAM 



AO 


8 

7 

6 

5 

4 

3 

2 

1 

23 

22 

19 

18 

21 

20 




















Address 
Decode 


Memory 

Matrix 

(8192x8) 


3-State 
Output 
Buffers 


_ 


Al 


^ 


A2 


• 
• 
• 


• 
• 
• 


► 


A3 




A4 


* 


A5 


w 


A6 




A/ 


^ 


A8 






^. 


A9 
A10 
A11 
A12 




n 






*F 


n 


Vcc=Pin 
Vss = Pin 



9 DO 

10 D1 

11 D2 

13 D3 

14 D4 

15 D5 

16 D6 

17 D7 



Active level defined by the user. 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-1.0 to +7.0 


V 


Input Voltage 


V in 


-1.0 to +7.0 


V 


Operating Temperature Range 


T A 


to + 70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af- 
fect device reliability 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED OPERATING CONDITIONS 



Parameter . . . 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage 
(Vcc must be applied at least 100 /ts before proper device operation is achieved) 


vcc 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


V|H 


2.0 


- 


5.5 


V 


- 


Input Low Voltage 


VlL 


-0.5 


- 


0.8 



DC OPERATING CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (Vj n = to 5.5 V) 


I'm 


-10 


- 


10 


*A 


1 


Output High Voltage (Ioh= -205 /tA) 


V H 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iol = 3.2 mA) 


vol 


- 


- 


0.4 


V 


- 


Output Leakage Current (Three-State) (¥=2.0 V, V out =0.4 V to 2.4 V) 


lLO 


-10 


- 


10 


„A 


2 


Supply Current — Active (Vcc = 5.5 V) 


ice 


- 


25 


60 


mA 


3 


Supply Current - Standby (Vcc = 5.5 V) 


'SB 


- 


4 


15 


mA 


4 



CAPACITANCE (f= 1.0 MHz, T A =25°C 


periodically sampled rather than 100% tested) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cin 


7.5 


PF 


Output Capacitance 


C ut 


12.5 


pF 




Notes: 1. Measured a) forcing Vcc on one input pin at a time while all others are grounded, and 

b) maintaining 0.0 V on one pin at a time while all others are at Vcc = 4.5 V and 5.5 V. 

2. Measured a) with A0-A12= V$s and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A12 = Vss and forcing 2.4 V on one output at a time while all others are held at0.4 V (Vcc = 4.5 V and 5.5 V) 

3. Measured with the Chip Enabled (E = V(i_) addresses cycling, and the output unloaded. 

4. Measured with the Chip Disabled (E=V|H> and the outputs unloaded. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



READ CYCLE (See Notes 5, 6) 



Parameter 


Symbol 


MCM68365-25 


MCM68365-30 


MCM68365-35 


Units 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is held Active) 


'AVAX 


tCYC 


250 


- 


300 


- 


350 


- 


ns 


Chip Enable Low to Chip Enable High 


l ELEH 


tEW 


250 


- 


300 


- 


350 


- 


ns 


Address Valid to Output Valid (Access) 


tAVQV 


*AA 


- 


250 


- 


300 


- 


350 


ns 


Chip Enable Low to Output Valid (Access) 


'ELQV 


tEA 


- 


250 


- 


300 


- 


350 


ns 


Address Valid to Output Invalid 


tAVQX 


«DHA 


20 


■ - 


20 


- 


20 


- 


ns 


Chip Enable Low to Output Invalid 


l ELQX 


tELZ 


10 


- 


10 


- 


10 


- 


ns 


Chip Enable High to Output High-Z 


tEHQZ 


l EHZ 


10 


80 


10 


80 


10 


80 


ns 


Chip Selection to Power Up Time 


l ELICCH 


tpu 





- 





- 





- 


ns 


Chip Deselection to Power Down Time 


'EHICCL 


tPD 


- 


100 


- 


100 


- 


120 


ns 



5. Chip Enable (E) is represented as active low for illustrative purposes. 

6. AC Test Conditions 

Input Transition Times: 5 ns<t r =tf£20 ns 

Temperature: T/\=0°C to 70°C 

Load Shown in Figure 1 

\'cc=5.0 V ± 10% 

Input Pulse Levels: V||_= -0.5 V to 0.8 V 

V| H = 2.0VtoV C C 
Measurement Levels: lnput= 1.5 V 

Output Low= 0.8 V 

Output. High = 2.0V 



READ CYCLE TIMING 1 
(E Held Low) 



-tAVAX- 



'AVQV- 

- ^AVQX »> 



Q (Data Out) 
READ CYCLE TIMING 2 

A (Address, W3M 



Previous Data Valid 



:sm* 



Data Valid 



Address Valid 




E (Chip Enable) 



Q (Data Out) 



V CC Ice ■ 
Supply 
Current 'SB ' 



-tELEH- 



, c 



. tELQV ■ 



-tELQX — 

- Hi ^ — ftxxxxxxl: 



l ELICCH 



*EHQZ 



tEHICCL 



V|H 
V|L 



- J V H 
-^VOL 



V|H 
•V|L 




V|H 
VlL 



Hi-Z 



3 C 



^L_ 



FIGURE 1 - AC TEST LOAD 



'Includes Jig 
Capacitance -i 



H MMD6150 

or Equiv. 



130 pF'^ >11.7k 



l r - MMD7000 

3 f or Equiv. 
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220 



180 



150 



130 



S 120 
110 



FIGURE 2 - ADDRESS ACCESS TIME 
VERSUS TEMPERATURE 





















5.5 V 
























</' 


's.ov 










\y 






























4.5 V -^j 












^^-"""^ 





























































-40° 



25° 70° 100° 

Ta, AMBIENT TEMPERATURE (°C) 



FIGURE 3 - l C C SUPPLY CURRENT 
VERSUS TEMPERATURE 









I I 








VCC-5.0 V 
















this curve with 4.5 to 5.5 








volt Vcc 




















\ 






















































-- 



























25° 70° 100° 

Ta, AMBIENT TEMPERATURE (°C) 



125° 



4.0 



3.0 
-40° 



FIGURE 4 - I S B STANDBY CURRENT 
VERSUS TEMPERATURE 
I sb »s. TEMP. 









1 










VCC -5.0 V 


rom — 
5 to 5.5 








this cur; 
volts Vc 


e with 4. 







































25° 70° 100° 

Ta, AMBIENT TEMPERATURE CO 



PRE-PROGRAMMED MGM68365P35-3, P30-3, P25-3 



The -3 standard ROM pattern contains log (base 10) and 
antilog (base 10) lookup tables for the 64K ROM. 

Locations 0000 through 3599 contain log base 10 values. 
The arguments for the log table range from 1.00 through 
9.99 incrementing in steps of 1/100. Each log value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the left of the most-significant digit. 

Antilog (base 10) are stored in locations 4096 through 
8095. The arguments range from 0.000 through 0.999 in- 
crementing in steps of 1/1000. Each antilog value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the right of the most-significant digit. 



Locations 3600 through 4095 and 8096 through 8191 are 
zero filled. 

All values are represented in absolute decimal format with 
eight digit precision. They are stored in BCD format with the 
two most significant digits in the lower byte and the remain- 
ing six digits in the three consecutive locations. 



Example: logiod -01) = 0.00432137 decimal 



Address 


Contents 


4 
5 
6 
7 


0000 oooo- 
0100 0011 

0010 0001 

0011 0111 
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CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
'M CM 68365, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68365 
should be submitted on an Organizational Data form such as 
that shown in Figure 5, 



Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - One 64K or two 32K. 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC charac- 
ter code. Motorola R.O.M.S. format. 



FIGURE 5 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 




ORGANIZATIONAL DATA 
MCM68366 MOS READ ONLY MEMORY 


Customer: 






Company 


Motorola Use Only: 




Part Nn 


Ounte- 




Driqinarnr 


Part Nn- 






Specif. Nn: 




Enable Options: 






Active High Active Low 
Chip Enable |_] j | 


Device Marking Requirements 

The customer marking requirements are restricted to these limits: 

1) Four lines maximum (including date code) 

2) Not more than 16 characters per line 


□□□□□□□□□□□□□□DO 


DDDDDDDDDODDDDQD 


DDDDDDDDDDDDDDDD 


DDDDDDnDDDDDDDDD 
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MOTOROLA 



64K BIT READ ONLY MEMORY 

The MCM68366 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device operates 
from a single power supply, has compatibility with TTL and needs no 
clocks or refreshing due to its static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. The active level of the 
Output Enable input and the memory content is defined by the user. 
The Output Enable input deselects the output. 

• Fully Static Operation 

• Fast Data Valid Time for High Speed Microprocessors 

• Low Power Dissipation — 125 mW Active (Typical) 
© Single ±10% 5-Volt Power Supply 

• High Output Drive Capability (2 TTL Loads) 

• Three-State Data Output for OR-Ties 

• Mask Programmable Output Enable 

• TTL Compatible 

• Maximum Access Time — 150 ns from Output Enable 

250 ns from Address - MCM68366-25 
300 ns from Address - MCM68366-30 
350 ns from Address - MCM68366-35 

• PinCompatiblewith8K,16K,and32K - Mask-Programmable ROMs 

• Pin Compatible with MCM68766 64K EPROM 



PIN COMPATIBLE ROM FAMILY 
(INDUSTRY STANDARD PIN-OUTS) 



64K 



24|j v CC 
23 1A8 
221A9 




MCM68364 
MCM68365 



MCM68A316E 



MCM68A308 



MCM68366 



MOS 

(N-CHANNEL, SILICON-GATE) 

8192xa-BIT 
READ ONLY MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 




PIN NAMES 


A0-A12. 


....Address 


G. 


....Output Enable 


Q0-Q7. 


....Data Output 


vcc- 


....+5 V Power Supply 


vss- 


....Ground 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. 
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BLOCK DIAGRAM 



AO 8 

A1 7 

A2 6 

A3 5 

A4 4 

A5 3 

A6 2 

A7 1 

A8 23 

A9 22 

A 1 19 

A11 18 

A12 21 



*G 20 



Address 
Decode 



Memory 

Matrix 

(8192 X 8) 



->13 D3 
->>14 D4 
->-15 D5 



->.16 D6 
->-17 D7 



Vcc=Pin 24 
V S S = Pin12 



"Active Level Defined by the User 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-1.0 to +7.0 


V 


Input Voltage 


v in 


-1.0 to +7.0 


V 


Operating Temperature Range 


T A 


to +70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 



Note: 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af- 
fect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage 
(Vcc must be applied at least 100 /*s before proper device operation is achieved) 


vcc 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


V|H 


2.0 


- 


5.5 


V 


- 


Input Low Voltage 


VlL 


-0.5 


- 


0.8 



DC OPERATING CHARACTERISTICS 




Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (Vj n = to 5.5 V) 


•in 


-10 


- 


10 


HA 


1 


Output High Voltage (Ioh=- 205 ^A) 


VOH 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iol= 3-2 mA) 


vol 


- 


- 


0.4 


V 


- 


I Output Leakage Current (Three-State) (G = 2.0 V, V out =0.4 V to 2.4 V) 


'LO 


-10 


- 


10 


„A 


2 


| Supply Current (Vcc=5.5 V) 


ice 


- 


25 


60 


mA 


3 



CAPACITANCE (f= 1.0 MHz, Ta=25°C, periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Qn 


7.5 


PF 


Output Capacitance 


C ut 


12.5 


PF 



Notes: 1. Measured a) forcing Vcc on one input pin at a time, while all others are grounded, and 

b) maintaining 0.0 V on one pin at a time, while all others are at Vcc = 4 -5 V and 5.5 V. 

2. Measured a) with A0^A12 = Vgs and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A12 = Vss arid forcing 2.4 V on one output at a time while all others are held at 0.4 V(Vcc = 4.5 V and 5.5 V). 

3. Measured with the Output Enabled (G = V||_), addresses cycling and the outputs unloaded. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



READ CYCLE (See Notes 4, 5) 



Parameter 


Symbol 


MCM68366-25 


MCM68366-30 


MCM68366-35 


Unit 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 
(Cycle Time when Output Enable is Held Active) 


tAVAX 


l CYC 


250 


- 


300 


- 


350 


■ -•'■■ 


ns ':. 


Address Valid to Output Valid (Access) 


tAVQV 


l AA 


- 


250 


- 


300 


' - 


350 


ns 


Output Enable Low to Output Valid (Access) 
(Note 6) 


l GLQV 


l GA 


- 


150 


- 


150 


- 


150 ; 


ns 


Address Valid to Output Invalid 


VWQX 


tDHA 


10 


- 


10 


- 


10 


- 


ns 


Output Enable Low to Output Invalid 


tGLQX 


l GLZ 


10 


- 


10 


- 


10 


- 


ns 


Output Enable High to Output High Z 


tGHQZ 


l GHZ 





80 





80 





80 


ns 


Address Valid to Output Enable Low (Note 7) 


tAVGL 


tAS 


100 


- 


150 


- 


. 200 


- 


ns 



Notes:' 4. Output Enable (G ) is represented as active low for illustrative purposes. 

5. AC Test Conditions 

Input Transition Times: 5 ns£t r =tf£20 ns 

Temperature: Ta=0°C to 70°C 

Load Shown in Figure 1 

V CC = 5.0 V ±10% 

Input Pulse Levels: V||_= -0.5 V to 0.8 V 

V|H = 2.0VtoV C c 
Measurement Levels: lnput= 1.5 V 

Output Low=0.8 V 

Output High = 2.0 V 

6. tQ|_Qv= 1 20 ns is also available. 

7. A faster minimum time is allowed, but the timing must then be referenced to t/^vQV an d *AVQX- 



READ CYCLE TIMING 1 
(G Held Low) 

A (Address) 



-tAVAX- 



-tAVQV- 



-tAVQX- 



Q (Data Out) Previous Data Valid 

READ CYCLE TIMING 2 

A (Address) XXXXXJ C 



;ebd: 



Data Valid 



G (Output Enable) 



-VWGL 



Address Valid 



^C 



J- 



-tGLQV- 



-tGLQX— 



Data Valid 



V|H 
V|L 



■-VOH 
-"VOL 



V|H 
■Vil 



»GHQZ 




V|H 
V|L 



HighZ 



FIGURE 1 - AC TEST LOAD 



5.0 V 



R|_=1.2k 



Test Point o — i +- \4 . MMD6150 

or Equiv. 



130 pF* ?fc > 11.7 k 



"Includes Jig Capacitance 



-£ MMD7000 

1 [ or Equiv. 
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220 
210 
200 
190 
180 
170 
160 



g 130 
■S 120 



110 



FIGURE 2 - ADDRESS ACCESS TIME 
VERSUS TEMPERATURE 





















w.sY/ 










^ 














5.0 \l 








^^ \S 
































4.5 V^. 









































































-40° 



25° 70° 100° 

Ta, AMBIENT TEMPERATURE l°C) 



FIGURE 3 - l CC SUPPLY CURRENT 
VERSUS TEMPERATURE 









I I 








VCC-5.0V 








_ lCC varies ±5% from 








this curve with 4.5 to 5.5 








volt Vfjc 






V 












\ 












\^ 










































' — 



























25° 70° • 100° 

Ta, AMBIENT TEMPERATURE (°C) 



FIGURE 4 - OUTPUT ENABLE ACCESS 
VERSUS TEMPERATURE 
tGLQV VS. Temp. 



-^125 

































4.5V^. 


-"""iTi 


V 







































-40° 



0° 25° 70° 100° 125° 

Ta, AMBIENT TEMPERATURE (°C) 




PRE-PROGRAMMED MCM68366P35-3, P30-3, P25-3 

The -3 standard ROM pattern contains log (base 10) and 
antilog (base 10) lookup tables for the 64K ROM. 

Locations 0000 through 3599 contain log base 10 values. 
The arguments for the log table range from 1 .00 through 
9.99 incrementing in steps of 1/100. Each log value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the left of the most-significant digit. 

Antilog (base 10) are stored in locations 4096 through 
8095. The arguments range from 0.000 through 0.999 in- 
crementing in steps of 1/1000. Each antilog value is 
represented by an eight-digit decimal number with decimal 
point assumed to be to the right of the most-significant digit. 



Locations 3600 through 4095 and 8096 through 8191 are 
zero filled. 

All values are represented in absolute decimal format with 
eight digit precision. They are stored in BCD format with the 
two most significant digits in the lower byte and the remain- 
ing six digits in the three consecutive locations. 

Example: logio (1.01 ( = 0.004321 37 decimal 



Address 


Contents 


4 
5 
6 
7 


0000 0000 
0100 0011 

0010 0001 

0011 0111 
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CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM68366, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68366 
should be submitted on an Organizational Data form such as 
that shown in Figure 5. 



Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - one64K or two 32K. 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC charac- 
ter Code. Motorola's R.O.M.S. format. 



FIGURE 5 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 



ORGANIZATIONAL DATA 
MCM68366 MOS READ ONLY MEMORY 


Customer: 






Tnmpany 


Motorola Use Only: 




Part Nn 


Dnnta- 




Drirjinatnr 


Part Nn- 
Sppr-if Nn- 




Enable Options: 




Active High Active Low 
Output Enable [_J | | 


Device Marking Requirements 

The customer marking requirements are resetricted to these limits: 

1) Four lines maximum (including date code) 

2) Not more than 16 characters per line 


DDDDDDDQDDDDDDDD 
□ □□□□□'□□.□ DO □ DD a □ 

□ □□□□□□□□ on □ DD DO 
nannannnnnna an □ □ 
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AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 



MOTOROLA 



Advance Information 



64K BIT READ ONLY MEMORY 

The MCM68367 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device operates 
from a single power supply, has compatibility with TTL and needs no 
clocks or refreshing due to its static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. This 8K x 8-bit ROM is 
organized into two 4K pages that are accessed by two user defined 
address codes. The active level of the Chip Select inputs and the 
memory content are defined by the user. The Chip Select inputs 
deselect the output. 

• Fully Static Operation 

• Fast Data Valid Time for High Speed Microprocessors 

• Page-Mode Organized Memory 

• Low Power Dissipation — 125 mW Active (Typical) 

• Single ±5% 5-Volt Power Supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Selects 

• TTL Compatible 



FIGURE 1 - BLOCK DIAGRAM 



A8 23 

A9 22 

A10 19 

All 18 



Address 
Decode 



Memory 

Matrix 

(8192x8) 





>■ 




* 


Three-State 




Output 




Buffers 


* 








- >• 



A12i* 



Address 
Decode 



Set 



Reset 



S1* 20 
S2 



IX> 



Flip 
Flop 



9 Q0 

10 Q1 

11 Q2 

13 Q3 

14 Q4 

15 05 

16 Q6 

17 Q7 



Vcc=Pin 24 
V S s = Pin 12 



* Active Level Defined by User 

* A12i-High Order Address Not User Accessible 



This document contains information on a new product. Specifications and information 
herein are subject to change without notice. 



MCM68367 



MOS 

(N-CHANNEL, SILICON-GATE) 

8192 x 8-BIT 

READ ONLY MEMORY 

(PAGE MODE) 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



PIN ASSIGNMENT 




PIN NAMES 

A0-A11 ..Address 

S1, S2 Chip Select 

Q0-Q7... Data Output 

Vcc + 5 V Power Supply 

Vss--.. Ground 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. 
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ABSOLUTE MAXIMUM RATINGS (See Note 1) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-1.0 to +7.0 


V 


Input Voltage 


Vin 


-1.0 to +7.0 


V 


Operating Temperature Range 


T A 


to +70 


°c 


Storage Temperature Range 


Tstg 


-65 to +150 


°c 



Note: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted 
to RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could 
affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Notes 


Supply Voltage' 
(Vcc mu st be applied at least 100 /is before proper device operation is achieved) 


vcc 


4.75 


5.0 


5.25 


V 


- 


Input High Voltage 


V|H 


2.2. 


- 


vcc 


V 


- 


Input Low Voltage 


V|L 


-0.5 


- 


0.8 



DC OPERATING CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (V in = to 5.25 V, Vcc = 4.75 to 5.25 V) 


tin 


-10 


- 


10 


/tA 


2 


Output High Voltage (Iqh = - 100 /tA) 


VOH 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iql= 1 - 6 mA ) 


vol 


- 


- 


0.4 


V 


- 


Output Leakage Current (Three-State) (S1, S2 = 0.8 V, V out = 0.4 to 2.4 V, 
V cc = 4.75to5.25 V) 


lLO 


-10 


- 


10 


/tA. 


3 


Supply Current (Vcc = 5.25 V) 


ice 


- 


25 


100 


mA 


4 



CAPACITANCE (f = 1.0 MHz, T A = 25°C, periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cjn 


7.5 


PF 


Output Capacitance 


^out 


12.5 


pF 



Notes: 2. Measured a) forcing Vcc on one input pin at a time, while all others are grounded (VssK and 

b) maintaining 0.0 V (Vgs) on one pin at a time, while all others are at Vcc = 4-75 V and 5.25 V. 

3. Measured a) with A0-A11 = Vgg and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A11 =Vss and forcing 2.4 V on one output at a time while all others are held at 0.4 V (Vcc = 4.75 V and 5.25 V). 

4. Measured with the chip selected (SI, S2 active), addresses cycling and the outputs unloaded. 



FIGURE 2 - AC TEST LOAD 

5.0 V 
R|_ = 2.4 K 



Test Point o 



'100 pF =i= 





Includes Jig Capacitance 



6-53 



MCM68367 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



READ CYCLE (See Notes 5, 6) 



Parameter 


Symbol 


Min 


Max 


Unit 


Notes 


Standard 


Alternate 


Address Valid to Address Don't Care 
(Cycle Time when Chip Select is Held Active) 


tAVAX 


tCYC 


840 


- 


ns 


- 


Address Valid to Output Valid 


l AVQV 


tAA 


- 


450 


ns 


7 


Chip Select to Output Valid 


l SHQV 


tSA 


- 


450 


ns 


7 


Address Valid to Chip Select High 


tAVSH 


tAS 


.■..- 


- 


ns 


8 


Address Valid to Output Invalid 


'AVQX 


tDHA 


10 


- 


ns 


- 


Chip Select to Output Invalid 


tSHQX 


tSLZ 


10 


- 


ns 


- 


Chip Deselect to Output High Z 


tSLQZ 


tSHZ 





150 


ns 


- 


Address Valid to Output Valid During Page Transition Cycle 


tAVQVP 


tAAP 


- 


800 


ns 


9 


Chip Select High to Output Valid During Page Transition Cycle 


tSHQVP 


tSAP 


- 


800 


ns 


9 


Chip Select High to Chip Select Low 


l SHSL 


tsw 


450 


- 


. ns 


10 



Notes: 5. Chip selects S1 and S2 are represented as active high for illustrative purposes. 

6. All times are guaranteed with worse case DC levels. 
Input transition times: t r = tf= 15 ns max. 
Temperature: Ta = 0°C to 70°C 

Load Shown in Figure 2 
Vcc = 5.0 V ±5% 

Input Pulse Levels: V||_ = 0.8 V or -0,5 V 
V| H = 2.2V or 5.25 V 
Measurement Levels: Input = 1.5 V 

Output Low = 0.8 V 

Output High = 2.0 V 

7. Except during page transition cycle. 

8- tAVSH = tAVQV-tSHQV 

9. During a page transition, outputs are valid only for the new page. For example: "FF8" when applied in page 1 will give valid output 
only for page (FF8). It is recommended that page and page 1 have the same data for addresses FF8 and FF9. 

10. During page. transition cycle. 




READ CYCLE TIMING 1 
(S1, S2 Held High) 

A (Address) 



Q (Data Out) 
READ CYCLE TIMING 2 

A (Address) 



-tAVAX- 



tAVQV 

•tAVQX — — >\ 



Previous Data Valid 



SI, S2 
(Chip Select) 



•tAVSH 



Address Valid 



-tSHSL- 



\ 



-tSHQV* 



-*SHQX- 



-HighZ- 



V|H 



VOH 

vol 

V|H 
V|L 

V| H 
V|L 



tSLQZ 



HighZ 



1 During page mode transitions: 
For tAVQV refer t0 l AVQVP and for tSHQV refer t0 'SHQVP. 
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FUNCTIONAL DESCRIPTION 



The MCM68367 is an 8Kx8 bit "page mode" Read Only 
Memory (ROM) segmented into two4K byte pages for use in 
systems with limited addressing capability. With this con- 
figuration, the MCM68367 looks like a 4Kx8 bit ROM from 
the bus operation standpoint and has the added advantage 
of two chip selects. The added chip select is gained by giving 
up the upper order address line (A12), which is normally re- 
quired by an 8K x 8 ROM . To switch pages, the user inputs a 
certain address combination (which has been predetermined 
by the user and programmed into the device during wafer 
fabrication), which sets or resets an internal flip flop. This 
will cause the high order address bit A12i to be set to a logic 
or 1 (page or 1 respectively). The ROM will stay in this 
page until it gets the specified address combination for reset- 
ting the flip flop and toggling A12i. 



selects active for at least 450 ns. To get to page 1 , he must 
provide FF9. 

There are eight possible pairs of address combinations 
which the customer can chose from and must be specified 
when inputting active levels of the chip selects and the bit 
pattern to Motorola. (See Figure 3 for the possible pairs.) 

It is suggested that the data word (data output) for the 
predetermined decoding addresses (in this example FF8 and 
FF9) be set the same in both pages. That is, the output of 
data for FF8 in page (0FF8) should be the same as FF8 in 
page 1 (1FF8), likewise FF9. The reason for this is that both 
memory word locations will be accessed in the same cycle 
when changing pages. 

As an aid in understanding the functional operation of this 
device, please consult the block diagram of Figure 1 . 



Both chip selects must be active for at least 450 ns during 
the "page change" cycles to enable the flip flop. Also, when 
the device is powered up, it can come up in either page, so 
the user must provide one of his prechosen address com- 
binations onto the bus to get into the desired page. After this 
occurs the device will stay in the page until the other pro- 
grammed address combination occurs. For example, if the 
user wants page (the lower half of the 8K memory, actually 
4K) and his chosen page mode pair is FF8 and FF9 (hex), he 
must provide FF8 to the address line and have both chip 



Example of Operation: 

(Mask programmable page mode pair: FF8 and FF9) 



1. Power Up 

2. Address = FF8 

3. Address = 000-3FF 

4. Address=FF9 

5. Address=000-3FF 



Page undefined 
Part is now in page 
Sequencing through 1K bytes on 

pageO 
Change to page 1 
Sequencing through 1K bytes on 

page 1 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM68367, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68367 
should be submitted on an Organizational Data form such as 
that shown in Figure 3. 



Information for custom memory content may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - one 64K, two 32K. 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC charac- 
ter Code. Motorola's R.O.M.S. format. 
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FIGURE 3 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 



ORGANIZATIONAL DATA 
MCM68367 MOS READ ONLY MEMORY 



Customer: 

Company . 



Part No.. 
Originator _ 



Phone No.. 
Chip Select Options: , 



Active High Active Low 
Chip Select SI | | | | 

Chip Select S2 QJ Q 





Motorola Use Only: 








Part No :_ 
Specif. No 














Mask Programmable Page Mode Pairs: 


PageO 
A12i = 


Pagel 
A12i = 1 




FFO 


FF1 


□ 


FF2 


FF3 


■□ 


FF4 


FF5 


□ 


FF6 


FF7 


□ 


FF8 


FF9 


□ 


FFA 


FFB 


□ 


FFC 


FFD 


□ 


FFE 


FFF 


□ 
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Advance Information 



64K BIT READ ONLY MEMORY 

The MCM68368 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device operates 
from a single power supply, has compatibility with TTL, and needs no 
clocks or refreshing due to its static operation. 

The memory is compatible with the M6800 Microcomputer Family, 
providing read only storage in byte increments. The MCM68368 is 
organized into 8K x 8 with 12 address lines and a paging system which 
segments the memory into eight 1K banks. The active level of the Chip 
Select inputs and the memory content is defined by the user. 

• Fully Static Operation 

• Fast Data Valid Time for High Speed Microprocessors 

• Bank Select Operation for Use in Address Limited Systems 

• Low Power Dissipation — 200 mW Active (Typical) 

• Single ±10% 5 Volt Power Supply 

• High Output Drive Capability (2 TTL Loads) 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Selects 

• TTL Compatible 

• Maximum Access Time — 200 ns from Selection 

450 ns from Address 

• Pin Compatible with 8K, 16K, and 32K. - Mask Programmable ROMs 

• Pin Compatible with MCM68766 64K EPROM 



BLOCK DIAGRAM 



19 A10 



8 


A0 




7 


A1 




6 


A2 




5 


A3 




4 


A4 


Address 


3 


A5 


Decode 


2 

1 


A6 

A7 




23 


A8 




22 


A9 





Pointer 
Select 
Decode 



A11j 



n 



A0 A1 A2 A3 A4 

inn 



Pointer, 

Load 

Decode 



1 of 3 Pointers 



A1 
A5 



20 *S1 

21 *S2 



5 — — I / 



<7 \7 



Vcc=Pin24 
V SS =Pin12 



Memory 

Matrix 

(8192x8) 



3-State 
Output 
Buffers 



DO 9 

D1 10 

D2 11 

D3 13 

D4 14 

D5 15 

D6 16 

D7 17 



•Active level defined by user. 

NOTE: An i subscript denotes an internal address line only. 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 



MCM68368 



MOS 

(N-CHANNEL, SILICON-GATE) 

8192 x 8-BIT 

READ ONLY MEMORY 

(BANK SELECT) 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



A7[1 
A6[2 
A5[3 
A4 [ 4 
A3 [5 
A1[6 
A2[7 
A0[8 
Q0[9 
Q1 [ 10 
Q2[ 11 
VSS[12 



PIN ASSIGNMENT 



24 ] Vcc 
23 ] A8 
22] A9 
21 1 S2 

20] S1 
19] A10 
18] A11 
17 ] Q7 
16] Q6 
15 ] Q5 
14 ] Q4 
13] Q3 



PIN NAMES 

A0-A11 Address 

S1, S2 Chip Selects 

Q0-Q7 Data Output 

Vcc + 5 V Power Supply 

Vss-..- Ground 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage Relative to V$s 


vcc 


-1.0 to +7.0 


V 


Voltage on Any Pin Relative to V$s 


Vin. V ut 


-1.0 to +7.0 


V 


Operating Temperature Range 


T A 


to +70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 


Power Dissipation 


PD 


1.0 


w 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceed- 
ed. Functional operation should be restricted to RECOMMENDED OPERATING CON- 
DITIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Norn 


Max 


Unit 


Notes 


Supply Voltage 
(Vcc Must be Applied at Least 100>is 
Before Proper Device Operation is Achieved) 


vcc 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


V|H 


2.0 


- 


VCC+1 


V 


- 


Input Low Voltage 


V|L 


-0.5 


- 


0.8 


OPERATING CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (Vj n =0 to 5.5 V) 


I'm 


-10 


- 


10 


*A 


1 


Output High Voltage doH= -205>iAI 


VOH 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iol= 3.2 mA) 


vol 


- 


- 


0.4 


V 


- 


Output Leakage Current (Three-State) 

(S1 or S2 = Not Selected, V out = 0.4 V to 2.4 V) 


lLO 


-10 


— 


10 


pA 


2 


Supply Current (Vcc = 5.5 V) 


ice 


- 


- ■' 


80 


mA 


3 


CAPACITANCE (f=1.0 MHz, T A =25°C, periodically sampled rather than 100% 


tested) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Qn 


7.5 


pF 


Output Capacitance 


Cout 


12.5 


pF 




NOTES: 1. Measured a) forcing Vcc ° n ° n e input pin at a time, while all others are grounded (Vss). and 

b) maintaining 0.0 V (Vss> on one pin at a time, while all others are at Vcc=4.5 V and 5.5 V. 

2. Measured a) with A0-A11 = Vss and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A11 = Vgs and forcing 2.4 V on one output at a time while all others are held at 0.4 V (Vcc = 4.5 V and 
5.5 V). 

3. Measured with the chip selected (S1, S2=true), addresses cycling and the outputs unloaded. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 



READ CYCLE (See Notes 4, 5) 



Parameter 


Symbol 


MCM68368 


Unit 


Notes 


Standard 


Alternate 


Min 


Max 


Address Valid to Address Don't' Care 
(Cycle Time when Chip Selects are Held Active) 


tAVAX 


tCYC 


450 


_ 


ns 


_ 


Address Valid to Output Valid (Access) 


tAVQV 


tAA 


- 


450 


ns 


- 


Chip Select High to Output Valid (Access) 


tSHQV 


tAS 


■ - 


200 


ns 


- 


Address Valid to Output Invalid 


l AVQX 


tDHA 


10 


- 


ns 


- 


Chip Select High to Output Invalid 


tSHQX 


tSLZ 


10 




ns 


- 


Chip Select Low to Output High Z 


tSLQZ 


tSHZ 





175 


ns 


- 


Address Valid to Chip Select High 


*AVSH 


tAS 


250 


- 


ns 


6 



Notes: 4. S1, S2 represented as active high for illustrative purposes. 

5. AC Test Conditions 

Input transition times: 5 nsst r = tfs20 ns. 

Temperature: T/\ = 0°C to 70°C 

Load Shown in Figure 1 

V CC =5.0V±10% 

Input Pulse Levels: V|[_= -0.5 V to 0.8 V 

V| H = 2.0Vto VcC 
Measurement Levels: lnput=1.5 V 

Output High = 2.0 V 
Output Low = 0.8 V 

6. A faster minimum time is allowed, but the timing must then be referenced to t/^yQV and *AVQX- 



FIGURE 1 - AC TEST LOAD 




* Includes Jig Capacitance 
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Read Cycle Timing 1 

<S1, S2 Held High) 



A (Address) 



tAVAX ■ 



)C 



Address Valid 



)( 



^ _ tAVQV > 



< tAVQX ■ 



QIData Out) Previous Data Valid 



!»: 



Data Valid 



Read Cycle Timing 2 

A(Address) 



S1, S2 
(Chip Select) 



QfData Out) 



tAVSH 



)C 



-tAVAX- 



Address Valid 



X 



/ 



\ 



4 tSHQV > 



•tSHQX' 



sa; 



-tSLQZ- 



Data Valid 



> 



HighZ 
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FUNCTIONAL DESCRIPTION (Reference Block Diegram) 

The MCM68368 is organized into 8K x 8 bit bytes. Twelve 
address lines are available and 4K bytes can be addressed at a 
time. A paging system is used which segments the memory 
into eight 1K banks. The upper 1K banks are always resident 
and the other 7 banks are accessed through pointers. The 
pointers contain three bits which define the internal 3 upper 
address bits (A12j, A11j, A10j). Note that these 3 bits are not 
directly accessable to the user. There are a total of 3 
pointers. 

The pointers are loaded as follows: A1 1 through A5 are set 
to logic 1s; A4 and A3 select the pointer (see Table 1). A2, 
A1 , AO are the contents loaded to the pointer which deter- 
mine which bank is to be selected (see Table 2). 



A4 



1 
1 



A2 






1 
1 
1 
1 



A3 



1 



1 



A1 




1 
1 




1 
1 



TABLE 1 

Pointer 


1 
2 
X (No Pointer Will Be Loaded) 



AO 


1 


1 



1 



1 



TABLE 2 

Bank 


1 
2 
3 
4 
5 
6 
7 (Resident) 



Example 1: Suppose FF3 (Hexadecimal) is addressed 



A11 A10 A9 A8 A7 A5 

1 11111 



A4 A3 

1 



A2 A1 AO 

1 1 



This will load the information for selecting bank 3 (A2=0, 
A1 = 1, A0=1) into pointer 2 (A4=1, A3=0). Note that the 
outputs seen from this address will be from the resident 
bank, not from bank 3. This means that when A11 through 
A5 are logic 1s that this is a write only condition for the 
pointer. Also, when A11 and A10=1, the internal address 
bits A12j, A11j, A10j are set to logic 1s which denotes the 
resident bank. 

The banks are accessed as follows: A11 and A10 deter- 
mine which pointer is used to choose the bank (see Table 3), 
A9-A0 determine the address in the bank. 







TABLE 3 


A11 


A10 


Pointer 




1 
1 


. 
1 


1 



1 
2 
None (Resident Bank Only) 



Example 2: Suppose that on the following cycle, after that 
of Example 1 , the address 900 (hex) is loaded to 
the ROM. 



A11 A10 


A9 A8 


1 


1 


2 


1 



A7 A6 A5 A4 






A3 A2 A1 A0 






Pointer 2 will be chosen (A11 = 1, A10 = 0). Thus, bank 3 is 
accessed because the code for the particular bank was con- 
tained in pointer 2. The address 100 is accessed in bank 3. 

Chip Select (Reference Block Diagram) 

This device utilizes two chip selects to create four different 
select codes. The selects serve as two gating functions: (1) 
both selects must be active true to enable the outputs; other- 
wise, the outputs are in a high impedance state (see AC 
Operating Conditions and Waveforms); (2) both selects must 
be active to write to a pointer; thus, the device cannot be 
deselected while loading contents into the pointers. 




6-61 



<8> 



MOTOROLA 



Advance Information 



64K BIT READ ONLY MEMORY 

The MCM68369 is a MOSmask programmable byte-oriented, Read- 
Only Memory (ROM). The MCM68369 is organized as 8K x 8 and is 
fabricated using Motorola's high performance N-channel silicon gate 
technology. This device is designed to provide maximum circuit density 
and reliability with the highest possible performance. It remains fully 
compatible with TTL inputs and outputs while maintaining low power 
dissipation and wide operating margins. The MCM68369 also contains 
circuitry for current surge suppression which maintains the chip in an 
internal deselect mode until Vqc approaches 2.5 volts, at which time 
the chip is internally selected. 

The active level of the Chip Selects, along with the memory contents, 
are defined by the user. 

• Single + 5 Volt (±10%) Supply 

• Fully Static Periphery — No Clocking Required on Chip Selects 

• Power Dissipation 

80 mA Active (Maximum) (Unloaded) 

• Program Layer Late in Process for Quick Turnaround Time 

• Maximum Access from Address 
100 ns - MCM68369P20 

120 ns - MCM68369P25 
150 ns - MCM68369P30 

• Maximum Access from Chip Select 
80 ns - MCM68369P20 

100 ns - MCM68369P25 
120 ns - MCM68369P30 

• The Active Level of All Four Chip Selects are Mask Programmable, 
with a Don't Care Mask Option on Chip Selects S1 and S2 

• 28-Pin JEDEC Standard Package and Pinout 




A0 10' 

Al 9 • 

A2 8- 

A3 7 ■ 

A4 6 • 

A5 5' 

A6 4 ■ 

A7 3- 

A8 25' 

A9 24 • 

A10 21 ■ 

A11 23 • 

A12 2 ■ 



Address 
Decode 



BLOCK DIAGRAM 



Memory 

Matrix 

(8,192x8) 



3-State 
Output 
Buffers 



*S4 20- 

h S3 22- 

*S2 26- 

*S1 27- 



S> 



•11 Q0 

■ 12 Q1 

-13 Q2 

•15 Q3 

-16 Q4 

-17 Q5 

'18 Q6 

-19 Q7 



Vcc=Pin 28 
Vss = Pin 14 



* Active level defined by the user. 



MCM68369 



NMOS 

(N-CHANNEL, SILICON GATE) 

8192 x 8 BIT 
READ ONLY MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



PIN ASSIGNMENT 




PIN NAMES 



A0- Al 2 ._;_... _^ Address 

S1, S2, S3, S4 Chip Selects 

Q0-Q7 Data Output 

Vfjc + 5V Power Supply 

Vss Ground 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage Relative to VSS 


v C c 


-1.0 to +7.0 


V 


Voltage on Any Pin Relative to Vss 


Vin, Vout 


-1.0 to +7.0 


V 


Operating Temperature Range 


TA 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 


Power Dissipation 


PD 


1.0 


W 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



MOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Norn 


Max 


Unit 


Notes 


Supply Voltage 
IVfX must be applied at least 100 /ts before proper device operation is achieved) 


v C c 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


V| H 


2.0 




VCC 


V 


- 


Input Low Voltage 


V| L 


-0.5 


- 


0.8 , 



DC OPERATING CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (Vj n = to 5.5 V) 


tin 


-10 


- 


10 


mA 


1 


Output High Voltage dOH= -205 pA) 


VOH 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iol = 32 mA) 


VOL 


- 


- 


^0,4 


V 


- 


Output Leakage Current (Output three-stated) (ST to §42:2.0 V, V out =0.4 V to 2.4 V) 


ILO 


-10 


- 


10 


/xA 


2,4 


Supply Current - Active (Vqc = 5.5 V) 


ice 


- 


- 


80, 


mA 


3,4 



CAPACITANCE (f = 1.0 MHz, T A = 25°C, periodically sampled rather than 100% tested) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Qn 


8 


pF 


Output Capacitance 


Cout 


15 . 


pF 



1. Measured a) with the chip powered up forcing Vqc on one input pin at a time while all others are grounded, and 

b) maintaining 0.0 V on one pin at a time while all others are at Vcc- 

2. Measured a) with A0-A12= Vss and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A12= Vss and forcing 2.4 V on one output at a time while all others are held at 0.4 V (Vcc = 4.5 V 
and 5.5 V). 

3. Measured with the Chip Selected (S = V|i_), addresses cycling (tAVAX = 300 ns), and the outputs unloaded. 

4. Chip Select (S) is represented by active low for illustrative purposes. 
(The active level of the Chip Select is defined by the user.) 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



READ CYCLE (See Notes 4. 5) 



Parameter 


Symbol 


MCM68369- 
20 


MCM68369- 
25 


MCM68369- 
30 


Unit 


Notes 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 


tAVAX 


tCYC 


200 


- 


250 


- 


300' 


— 


ns 


- 


Address Valid to Output Valid (Access) 


*AVQV 


l AA 


- 


200 


- 


250 


- 


300 


ns 


- 


Address Valid to Output Invalid 


tAVQX 


tDHA 


20 


■- 


20 


- 


20 


- 


ns 


- 


Chip Select Low to Output Valid 


tSLQV 


tSA 


- 


100 


- 


120 


- 


150 


ns 


- 


Chip Select Low to Output Invalid 


tSLQX 


tSLZ 


10 


- 


10 


- 


10 


- 


ns 


- 


Chip Select High to Output High Z 


tSHQZ 


tS'HZ : 


- 


80 


-■ 


80 


- 


80 


ns 


- 



Notes: 5. AC Test Conditions: 

Input Transition Times: 5 nsst r = tf^20 ns. 
Temperature: T^= 0°C to 70°C 
Load Shown in Figure T~ 
. Vcc = 5:0V±10% 

Input Pulse Levels: V||_= -0.5 V to 0.8 V 

V| H = 2.0.VtoV ce 
Measurement Levels: Input = 1.5 V. 

Output High =2.0 V. 
Output Low =0.8 V. 



FIGURE 1 - AC TEST LOAD 

5.0 V 



Test Point o 





RL=1.2k 

|4 I MMD6150 

or Equiv. 



H MMD7000 
^r or Equiv. 



"Includes Jig Capacitance 



6-64 



MCM68369 



READ CYCLE TIMING 1 (Note 6) 



A (Address) 



S (Chip Select) 



z>; 



-tAVAX- 



-tAVQV- 



■+ tSLQV *« 



■tSLQX- 



(Data Out) 



-HighZ- 



X 



STTTTTT. 



■tSHQZ > 



Data Valid 



> 



READ CYCLE TIMING 2 

S = V| L 



A (Address) 



3: 



-'AVAX- 



-tAVQV- 



< t A vQX > 



Q (Data Out) Previous Data Valid 



ifflX 



X 



Note 6. Addresses valid prior to or coincident with Chip Select (S) transition low. 
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CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM68369, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68369 
should be submitted on an Organizational Data form such as 
that shown in Figure 2. 



Information for customer memory contents may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - one 64K or two 32K. 

2: Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC charac- 
ter Code. Motorola's R.O.M.S. format. 



FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 




ORGANIZATIONAL DATA 
MCM68369 MOS READ ONLY MEMORY 

Customer: 




Company 
Part Nn 


Motorola Use Only: 
("junto- 
Part ton- 








Spprif Nn- 


Enable Options: Active High Active Low Don't Care 




S4 Pin 20 □ □ "^ 


S3 Pin 22 CDC] 


S2 Pin 26 □ Q □ 


S1 Pin27 □ Q Q 

Device Marking Requirements 

The customer marking requirements are restricted to these limits: 

1) Four lines maximum (including date code) 

2) Not more than 16 characters per line 


nnnnnnnnnnnnnnnn 

DDDDDDDDDDDDDDnn 

nnnnnnnnnnnnnnnn 
nnnnnnnnnnnnnnnn 
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MCM68370 



Advance Information 



64K BIT READ ONLY MEMORY 

The MCM68370 is a MOS mask programmable byte-oriented, Read 
Only Memory (ROM). The MCM68370 is organized as 8K x 8 and is 
fabricated using Motorola's high performance N-channel silicon gate 
technology. This device is designed to provide maximum circuit density 
and reliability with the highest possible performance. It remains fully 
compatible with TTL inputs and outputs while maintaining low power 
dissipation and wide operating margins. The MCM68370 also contains 
circuitry for current surge suppression which maintains the chip in an 
internal deselect mode until Vqc approaches 2.5 volts, at which time 
the chip is internally selected. 

The active levels of the Chip Enable and the Chip Selects, along with 
the memory contents, are defined by the user. 

The Chip Enable input controls the automatic power down feature 
which deselects the outputs and reduces the power consumption. 

• Single + 5 Volt (± 10%) Supply 

• Fully Static Periphery - No Clocking Required on Chip Enable 

• Power Dissipation 

80 mA Active (Maximum) (Unloaded) 
15 mA Standby (Maximum) 

• Program Layer Late in Process for Quick Turnaround Time 

• Maximum Access from Address and. Chip Enable 
200 ns - MCM68370P20 

250 ns - MCM68370P25 
300 ns - MCM68370P30 

• Maximum Access from Chip Select 
100 ns - MCM68370P20 

120 ns - MCM68370P25 
150 ns - MCM68370P30 

• The Active Level of Chip Enable and Chip Selects is Mask 
Programmable, with a Don't Care Mask Option on Chip Selects 
S1 and S2 

• 28-Pin JEDEC Standard Package and Pinout 



BLOCK DIAGRAM 



A0 10 




A1 9 




A2 8 




A3 7 


Address 


A4 6 


Decode 


A5 5 




A6 4 




A7 3 




A8 25 




A9 24 




A10 21 




A11 23 




A12 2 





Memory 

Matrix 

(8,192x8) 



3-State 
Output 
Buffers 



E_ 20- 

h S3 22- 

h S2 26- 

f S1 27- 



S> 



-11 Q0 

-12 Q1 

►13 Q2 

•15 Q3 

►16 Q4 

►17 Q5 

►18 Q6 

►19 Q7 



Vcc=Pin 28 
Vss = Pin 14 



Active level defined by the user. 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 



NMOS 

(N-CHANNEL, SILICON GATE) 

8,192x8 BIT 
READ ONLY MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



PIN ASSIGNMENT 




PIN NAMES 



A0-A12 Address 

£„..„_...„. Chip Enable 

S1, S2, S3 Chip Selects 

Q0-Q7 Data Output 

VqC + 5V Power Supply 

Vss Ground 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage Relative to VSS 


Vcc 


-1.0 to +7.0 


V 


Voltage on Any Pin Relative to VSS 


Vin, Vout 


-1.0 to +7.0 


V 


Operating Temperature Range 


T A 


to +70 


°c 


Storage Temperature Range 


T stq 


-65 to +150 


°c 


Power Dissipation 


PD 


1.0 


w 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid applications of any vojtage higher than 
maximum rated voltages to this high- 
impedance circuit. 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Notes 


Supply Voltage 
(Vfjc must be applied at least 100 /is before proper device operation is achieved) 


vcc 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


VlH 


2.0 


- 


vcc 


V 


- 


Input Low Voltage 


VlL 


-0.5 


- 


0.8 


DC OPERATING CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (V ln = to 5.5 V) 


"in 


-10 


- 


10 


„A 


1 


Output High Voltage doH = -205^A) 


VOH 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iol = 32 mA) 


vol 


- 


- 


0.4 


V 


- 


Output Leakage Current (Output High Z; V out = 0.4 V to 2.4 V) 
Ea:2.0 V, S= Don't Care 
S>2.0 V, E= Don't Care 


ilo 


-10 




10 


nk 


2,5 


Supply Current — Active (Vcc = 5.5 V) 


'cc 


- 


35 


80 


mA 


3,5 


Supply Current - Standby (Vcc = 5.5 V) 


ISB 


- 


6 


15 


mA 


4,5 




CAPACITANCE (f=1.0 MHz, T A = 25°C, 


periodically sampled rather than 100% tested) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Ojn 


8 


PF 


Output Capacitance 


Cout 


15 


pF 



1 . Measured a) with the chip powered up forcing Vcc on one input pin at a time while all others are grounded, and 

b) maintaining 0.0 V on one pin at a time while all others are at Vcc- 

2. Measured a) with A0-A12 = V§s and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A12 = Vss and forcing 2.4 V on one output at a time while all others are held at 0.4 V 
(V C c = 4.5 V and 5.5 V). 

3. Measured with the Chip Enabled (E = V||_), addresses cycling (tAVAX = 300 n s), and the outputs unloaded. 

4. Measured with the Chip Disabled (E = V|n) and the outputs unloaded. 

5. ChipEnable (E) and Chip Select (S) are represented by active low for illustrative purposes. 
(The active level of the Chip Enable and the Chip Select are defined by the user.) 



MCM68370 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



READ CYCLE (See Notes 5, 6) 



Parameter 


Symbol 


MCM68370- 
20 


MCM68370- 
25 


MCM68370- 
30 


Unit 


Notes 


Standard 


Alternate 


Min 


Max 


Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is Held Active) 


l AVAX 


*CYC 


200 


- 


250 


- 


300 


- 


ns 


- 


Chip Enable Low to Chip Enable High 


'ELEH 


l EW 


200 


- 


250 


- 


300 


- 


ns 


- 


Address Valid to Output Valid (Access) 


l AVQV 


*AA 


- 


200 


- 


250 


- 


300 


ns 


- 


Chip Enable Low to Output Valid (Access) 


l ELQV 


tEA 


- 


200 


- 


250 


- 


300 


ns 


- 


Address Valid to Output Invalid 


'AVQX 


tDHA 


20 


- 


20 


- 


20 


- 


ns 


- 


Chip Enable Low Output Invalid 


l ELQX 


*ELZ 


20 


- 


20 


- 


20 


- 


ns 


- 


Chip Enable High to Output High Z 


tEHQZ 


l EHZ 


- 


80 


- 


80 


- 


80 


ns 


- 


Chip Select Low to Output Valid 


tSLQV 


*SA 


- 


100 


- 


120 


- 


150 


ns 


- 


Chip Select Low to Output Invalid 


l SLQX 


tSLZ 


10 


- 


10 


- 


10 


- 


ns 


- 


Chip Select High to Output High Z 


l SHQZ 


tSHZ 


- 


80 


- 


80 


- 


80 


ns 


- 



Note: 6. AC Test Conditions 

Input Transition Times: 5 ns£t r = tf^20 ns 

Temperature: T^ = 0°C to 70°C 

Load Shown in Figure 1 

Vcc = 5.0 V ± 10% 

Input Pulse Levels: V||_ = -0.5 V to 0.8 V 
V| H = 2.0 V to V C C 

Measurement Levels: Input = 1.5 V 

Output High = 2.0 V 
Output Low = 0.8 V 




^ MMD7000 
3 r or Equiv. 



'Includes Jig Capacitance 
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READ CYCLE TIMING 1 



A (Address) 



S (Chip Select) 



E (Chip Enable) 



READ CYCLE TIMING 2 

E = V| L , S = V| L 



A (Address) 



zx 





< t A VAX 


*> 


E> 


r 


X 






'f 










\\\\\\\\\ 


'//////, 




< tS LQV > 


-£'■ 




\W 


<— tSLQX->- 




/////■/, 








4 


t tSHQZ — *■ 






< tELQX -> 


y 


U— -tEHQZ- — : > 
















} 


« 


r 



-'AVAX- 



-tAVQV- 



-'AVQX > 



Q (Data Out) Previous Data Valid 



READ CYCLE TIMING 3 

S = V|L(Note7) 



X 



A (Address) 



3: 



-'AVAX- 



• tAVQV ■ 




E (Chip Enable) 



Q (Data Out) 



\ 



-tELEH- 



■* 'ELQV- 



f-'ELQX-*- 



TO£ 



X 



V 



-tEHQZ- 



V- 



Note: 7. Addresses valid prior to or coincident with Chip Enable (E) transition low. 
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CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM68370, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM68370 
should be submitted on an Organizational Data form such as 
that shown in Figure 2. 



Information for custom memory contents may be sent to 
Motorola in one of two forms (shown in order of preference): 

1. EPROMs - one 64K or two 32K. 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC charac- 
ter Code. Motorola's R.O.M.S. format. 



FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 



Customer: 

Cnmpapy , 

Part Nln 


ORGAI 
MCM68370 MC 


1IZATIONAL DATA 

)S READ ONLY MEMORY 






Motorola Use Only: 

Dllntfi- 




Originatnr 


Part Nrv 

Specif. No: . .. ... 




Enable Options: Active High 


Active Low 


Don't Care 




E (Chip Enable, Pin 20) I 1 


□ 





S3 (Chip Select, Pin 22) I 1 


□ 





S2 (Chip Select, Pin 26) I 1 


□ 


□ 


S1 (Chip Select, Pin 27) I 1 


□ 


□ 


Device Marking Requirements 

The customer marking requirements are restricted to these limits: 

1) Four lines maximum (including date code) 

2) Not more than 16 characters per line. 


DDDDDDDDDDDDDDDD 


DDDDDDDDDDDDDnnD 


nnnnnnnnnnnnnnnn 


DDDDDDDnnDDQDDDD 
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Product Preview 



80K BIT READ ONLY MEMORY 

The MCM68380 is an 81,920 bit mask-programmable read only 
memory with 4 banks organized as 2048 by 10 bit words, designed to 
operate as program memory for systems using a General Instrument 
CP1600 series microprocessor. It is fabricated with N-channel silicon- 
gate technology. For ease of use, the device operates from a single 
power supply, and is TTL compatible. It has 16 bi-directional pins, DBO 
through DB15, for a 16 bit address into the device and a 16 bit data out 
of the device. Three mode control pins, BC1..BC2, and BDIR, enable 
proper chip select logic. 

• Address and Data Use a Common 16-Bit Three-State Bus 

• 5-Bit Programmable Memory Map Using Upper Order Address 
(DB11-DB15) to Place 8K ROM Page Within 65K Word Memory 
Space 

• External Address Status and Internal Data Output State is Latched 
with the Help of Control Strobes (BC1, BC2, and BDIR) 

• Designed to Operate with Reduced External Logic in a Practical 
Microprocessor Application 

• 300 ns Typical Data Access Time 

• TTL Compatible I/O 

• Single 5 Volt ± 10% Power Supply 

• Totally Automated Custom Programming 




BLOCK DIAGRAM 

80K - ROM 




DB11- 
DB15 



Mask 
Programmable 
Address 
Decode 
Logic 
5 Bits 



Output Buffer 
Control 



Contol 
Logic 



m 

BC1 BC2 BDIR 



MCM68380 



MOS 

(N-CHANNEL, SILICON-GATE) 

8192 x 10-BIT 
READ ONLY MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 709 



V(X C 1 • 
DB15C 2 

N.C. [ 3 
DB14[ 
DB13C 
DB12[ 
DB11 [ 
DB10[ 

N.C. [ 

DB9 C 

DB8[ 

N.C. i 



PIN ASSIGNMENT 



]BDIR 

Idbo 

]DB1 

]DB2 

]BC2 

]DB3 

]DB4 

]DB5 

16 ]BC1 

15 ]DB6 

14 ]DB7 

13]V SS 



Pin Names 

DB0-DB15 Common Address/ Data Out 

BC1 , BC2, BDIR Bus Mode Control and 

Chip Read/Select Logic Enable 

Vcc +5V Power Supply 

Vgs Ground 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage (with Respect to Vss> 


vcc 


-0.3 to +7.0 


V 


Input Voltage (with Respect to Vss> 


Vin 


-0.3 to +7.0 


V 


Operating Temperature Range 


T A 


to +70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af- 
fect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 



Symbol 



Uhit 



Supply Voltage 
(Vqc must be applied at least 100 j»s before proper device operation is achievedl 



VCC 



4.5 



5.5 



Input High Voltage 



V|H 



2.0 



VCC 



Input Low Voltage 



V|L 



-0.3 



DC OPERATING CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output High Voltage (Source Current = - 100 /iA) 


VOH 


2.4 


- 


: V 


Output Low Voltage (Sink Current = + 1 .6 mA) 


vol 


- 


0.4 


V 


Supply Current (Operating) (Vcc= Max) 


'cc 


- 


100 


mA 


Input Leakage (Vj n = V to Vcc> 


lin 


-10 


+ 10 


liA 


Output Leakage 


lLO 


-10 


+ 10 


pA 



CAPACITANCE (f = 1.0 MHz, T A = 25°C, 


periodically sampled rather than 100% tested.) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Qn 


5 


PF 


Output Capacitance 


Cout 


12.5 


PF 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 

Input Pulse Levels Volt and 2.3 Volts Input Timing Levels 1.5 Volts 

Input Rise and Fall Times 20 ns Output Timing Levels 0.8 Volt and 2.0 Volts 

Output Load See Figure 1 

OPERATING CHARACTERISTICS 



Parameter 


Symbol 


MCM68380 


Unit 


Notes 


Min 


Max 


Address Setup 


'AS 


300 


- 


ns 




Address Overlap (Address Hold) 


l AH 


65 


- 


, ns 




Data Turn On Delay 


tDO 


- 


350 


ns 


1 


Data Hold 


«DH 


80 


- 


ns 


1 


Control Code Stable 


tecs 


885 


- 


ns 




NACT Code Stable 


l NACT 


885 


-' 


ns 




Data Float Delay 


*FL 


- . 


300 


ns 


1 


Control Signals Skew 


tcss 


: - 


40 


ns 






NOTES: 1. One TTL load and 100 pF. 
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FIGURE 1 - AC TEST LOAD 



o 50v 


$ R L = 2.4K 




I i| f or Equiv. 


*100pF .7 


; $ 24 K _ . 

? 3" MMD7000 


i 


1 * r or Equiv. 




* Includes Jig Capacitance 



OPERATING DESCRIPTION 

From initialization, the ROM waits for the first address 
code; i.e., BAR. For this address code and all subsequent 
address sequences, the ROM reads the 16 bit external bus 
and latches the value into its address register. 

The ROM contains a programmable memory location for 
its own 8K page, and if a valid address is detected, the par- 
ticular address located will transfer its contents to the chip 
output buffers. If the control code following the address cy- 
cle was a read, the ROM will output the 10 bits of addressed 
data and drive logic zero on the top six bits of the bus. 

RESPONSES 

A. No Action. Waiting state. Signals may be propagating 
internally, but I/O pins are in a high-impedance state and 
are not being read. 

B. Ignored by ROM. Basically same response as A. 



Output and Input. Output buffers drive I/O pins (if there 
is a valid add map from address previously loaded), and 
whatever appears on the I/O pins is loaded into the ad- 
dress register. If there is not a valid add map from ad- 
dress previously loaded, I/O pins are in a high-impedance 
state and whatever appears on the I/O pins is loaded into 
the address register. 

Data to Bus. Output buffers drive I/O pins according to 
data in output register (if there is a valid add map). I/O 
pins are not read. Address previously loaded into address 
register remains unchanged. If there is not a valid add 
map from address previously loaded, I/O pins are in a 
high-impedance state and are not read. 
Bus to Address Register. Output buffers are in high- 
impedance state. Address present on I/O pins is loaded 
into address register. 



TRUTH TABLE 



INPUT CONTROL SIGNALS 











Equivalent 






Responses 


BOIR 


BC1 


BC2 


Signal 


Decoded Function 




A 











NACT 


No Action, D0-D15=High Impedance 




B 








1 


IAB 


No Action 




C 





1 





ADAR 


Address Data to Address Register, D0-D15 = 


= High Impedance 


D 





1 


1 


DTB (Read) 


Data To Bus, D0-D15= Input 




E 


1 








BAR 


Bus to Address Register 




B 


1 





1 


DWS 


No Action 




B 


1 


1 





DW 


No Action 




E 


1 


1 


1 


INTAK 


Interrupt Acknowledge 






Function 
Mode 



BAR 

CI^ ADAR 

INTAK 



TIMING WAVEFORMS 



NACT 



DTB 
ADAR 



Control Inputs 
(BC1, BC2, BDIR) 



Address Inputs 



Data Outputs 
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BAR/INTAK 

BAR 


- DTB TIMING 

NACT 


DTB 






BDIR 


-J 


\ 






INTAK 


NACT 










BC1 


/ 




\ 




BC2 


/ 


DTB 


\ 




BDIR 


\ 








\ High 
High 










BC1 


\ 


/ 




\ 




BC2 


\ 


/ 

mpedance 
mpedance 




\ 




DB0-DB9 ■ 


Address 








/ 


Memory Dat 
Output 

Low Level 
Output 

Low Level 
■ Output 

1 

1 

1 1 

1 


">- 








V High Impedance 
High Impedance 


\ 


DB10 


Address 
Data Out 

Add Map 
Data Out 












High Impedance 


\ 


/ 


DB11-DB15 ■ 


/ Valid Add 
\ Map Input 






I I 

I I 

| BAR | 

INTAK 

I Address and i 

Address Map 
I Latch I 


NACT 


; Y 

| DTB 

I Data Outpi 
1 (Note 2) 


/ 
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BAR/INTAK - ADAR = DTB TIMING 

BAR NACT ADAR NACT 



BDIR 



y~\ 



r~\—/ v 



r~\ 



INTAK NACT 



BDIR 



J~\ 



ADAR NACT 



DTB 



j—\—j — V 



J V 



J—\ 



J—\ 



Address Input 



Memory Data Input 



DB1-DB9 • 



Address 



Data Out 



DB10 • 




DB11-DB15 



Data Out 



Add Map 



Data Out 



<ZD CZ> 



Memory Data Output 
High Impedance 



Address Input 



High Impedance 
^ 

High Impedance 



Low Level 
Input f 



Valid Add Map Inputs 



High Impedance 



X 



Low Level 
Input f 



High Impedance 



| BAR/INTAK 
I Address and 
Address Map 
I Latch 



ADAR 
Data Output 

(Note 3) 

Address and 

Address Map 

Latch 

(Note 4) 



Memory 



ez> — <zz> 



\Low Level / V Low Level / 

Output / \ Output / 



\ Low Level / \ Low Level / 

Output / \ Output / 



DTB 

Data Output 

(Note 5) 



NOTES: 

2. If there are no valid address map inputs during BAR or INTAK instruction, I/O pins are in high-impedance state and are not read during 
DTB instruction. 

3. If there are no valid address map inputs during BAR or INTAK instruction, I/O pins are in high-impedance and whatever appears on the I/O 
pins is loaded into the address register during ADAR instruction. 

4. If there are valid address map inputs during BAR or INTAK instruction, memory data are outputted and whatever appears on the I/O pins 
is loaded into the address register. 

5. If there are valid address map inputs during ADAR instruction, memory data are outputted, but if there are no valid address map inputs 
during ADAR instruction, I/O pins are in high-impedance and are not read during DTB instructions. 
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Advance Information 



128K BIT READ ONLY MEMORY 

The MCM63128 is a MOS mask programmable, byte-oriented, Read- 
only Memory (ROM). The MCM63128 is organized as 16Kx8 and is 
fabricated using Motorola's high performance N-channel silicon gate 
technology (HMOS). This device is designed to provide maximum 
circuit density and reliability with the highest possible performance. It 
remains fully compatible with TTL inputs and outputs while maintaining 
low power dissipation and wide operating margins. The MCM63128 
also contains circuitry for current surge suppression which maintains 
the chip in an internal deselect mode until Vcc approaches 2.5 volts, at 
which time the chip is internally selected. 

There are numerous logical^ NOR or NAND combinations between 
Chip Enable (E), Chip Select (S), and Output Enable (G) that three state 
the device. This feature is selected by the user and placed into effect 
with the mask_programming. The active level of the Chip Enable (E), 
Chip Select (S), and the Output Enable (G), along with the memory 
contents, are defined by the user. 

The Chip Enable input controls the automatic power down feature 
which deselects the outputs and reduces the power consumption. 

• Single + 5 Volt (±10%) Supply 

• Fully Static Periphery - No Clocking Required on Chip Enable 

• Power Dissipation 

100 mA Active (Maximum) (Unloaded) 
15 mA Standby (Maximum) 

• Program Layer Late in Process for Quick Turnaround Time 

• Maximum Access from Address and Chip Enable 

150 ns - MCM63128P15 
200 ns - MCM63128P20 

• Maximum Access from Output Enable 

60 its - MCM63128P15 
80 ns - MCM63128P20 

• Active Level for Chip Enable, Chip Select, and Output Enable are 
User Selectable. 

• 28-Pin JEDEC Standard Package and Pinout 



BLOCK DIAGRAM 



A0 10 
A1 9 
A2 8 
A3 7 
A4 6 
A5 5 
A6 4 
A7 3 
A8 25 
A9 24 
A10 21 
A11 23 
A12 2 
A13 26 



E 20 

Gj 22 

*S 27 








— > 




— »» 










Memory 




3- State 




Address 
Decode 


» 
• 
• - 


Matrix 
(16,384x8) 


• 
• 
• 


Output 
Buffers 






— ^ 
















i 


k 














t 






See User 
Options 

















•11 Q0 

-12 Q1 

-13 Q2 

-15 Q3 

-16 Q4 

-17 Q5 

-18 Q6 

-19 Q7 



V CC =Pin28 
Vss = Pin 14 



User Programmable 



MCM63128 



HMOS 

(N-CHANNEL, SILICON GATE) 

16,384 x 8 BIT 
READ ONLY MEMORY 



r^fi 


0* 


,p 


U P SUFFIX 




PLASTIC PACKAGE 




CASE 710 



PIN ASSIGNMENT 




PIN NAMES 



A0-A13 Address 

_E Chip Enable 

G Output Enable 

S Chip Select 

Q0-Q7 Data Output 

Vcc +5V Power Supply 

V$s Ground 




This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage Relative to VSS 


v C c 


-1.0 to +7.0 


V 


Voltage on Any Pin Relative to Vss 


Vin, V ut 


-1.0 to +7.0 


V 


Operating Temperature Range 


T A 


to + 70 


°C . '. 


Storage Temperature Range 


T stg 


-65 to +150 


°c 


Power Dissipation 


PD 


1.0 


w 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Norn 


Max 


Unit 


Notes 


Supply Voltage 
(Vqc must De applied at least 100 us before proper device operation is achieved) 


v C c 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


V|H 


2.0 


- 


VCC 


V 


- 


Input Low Voltage 


V|L 


-0.5 




0.8 


DC OPERATING CHARACTERISTICS 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (Vj n = to 5.5 V) 


'in 


-10 


- 


10 


AA 


1 


Output High Voltage (Ioh= -205 /jA) 


V H 


2.4 


- 


- 


V 


- 


Output Low Voltage 0ol = 3 - 2 mA > 


vol 


- 


- 


0.4 


V 


- 


Output Leakage Current (Output High Z; V out =0.4 V to 2.4 V) 
Fa 2.0 V, 5= G" = Don't Care 
S = G2s2.0V, E= Don't Care 


'LO 


-10 




10 


*A 


2, 5 


Supply Current - Active (Vcc = 5.5 V) 


ice 


- 


- 


100 


mA 


3,5 


Supply Current - Standby (Vcc = 5.5 V) 


'SB 


- 


- 


15 


mA 


4,5 



CAPACITANCE (f = 1.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested) 




Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cin 


8 


PF 


Output Capacitance 


C ut 


15 


pF 



' Notes: 1. Measured a) with the chip powered up forcing Vqq on one input pin at a time while all others are grounded, and 
b) maintaining 0.0 V on one pin at a time while all others are at VrjQ. 

2. Measured a) with A0^A13 = V$S and forcing 0.4 V on one output at a time while all others held at 2.4 V, and 

b) with A0-A13= Vgs and forcing 2.4 V on one output at a time while all others are held at 0.4 V (Vcc = 4 - 5 v and 5 5 v> 

3. Measured with the Chip Enabled (E_= V||_), addresses cycling (tAVAX - 150 ns), and the outputs unloaded. 

4. Measured with the Chip Disabled (E = V|h) and the outputs unloaded. 

5. Chip enable (E),Chip Select (S), and Output Enable (G) are represented by active low for illustrative purposes. 
(The active level of the Chip Enable, Chip Select and Output Enable are defined by the user.) 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.! 



READ CYCLE (See Notes 5, 6) 


















Parameter 


Symbol 


MCM63128-15 


MCM63128-20 


Unit 


Notes 


Standard 


Alternate 


' Min 


Max 


Min 


Max 


Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is Held Active) 


tAVAX 


tCYC 


150 


-■ 


200 


- 


ns 


- 


Chip Enable Low to Chip Enable High 


l ELEH 


*EW 


150 


- 


200 


- 


ns 


- 


Address Valid to Output Valid (Access) 


tAVQV 


V\A 


- 


150 


- 


200 


ns 


- 


Chip Enable Low to Output Valid (Access) 


*ELQV 


tEA 


- 


150 


- 


200 


ns 


- . 


Address Valid to Output Invalid 


l AVQX 


tDHA 


20 


- 


20 


- 


ns 


- 


Chip Enable Low to Output Invalid 


l ELQX 


«ELZ 


20 


- 


20 


- 


ns 


- 


Chip Enable High to Output High Z 


tEHQZ 


tEHZ 


- 


60 


- 


80 


ns 


- 


Output Enable Low to Output Valid 


<GLQV 


l GA 


- 


60 


- 


80 


ns 


- 


Output Enable Low to Output Invalid 


tGLQX 


l GLZ 


10 


- 


10 


- 


ns 


- 


Output Enable High to Output High Z 


l GHQZ 


*GHZ 


- 


60 


- 


80 


ns 


- 


Chip Select Low to Output Valid 


tSLQV 


*SA 


- 


60 


- 


80 


ns 


- 


Chip Select Low to Output Invalid 


tSLQX 


tSLZ 


10 


- 


10 


-■ 


ns 


- 


Chip Select High to Output High Z 


l SHQZ 


tSHZ 


- 


60 


- ' 


80 


ns 


- 



AC Test Conditions 

Input transition times: 5 nsst r =tfs20 ns. 

Temperature: T/\ = 0°C to 70°C 

Load Shown in Figure 1 

Vcc = 5.0V ± 10% 

Input Pulse Levels: V|l= -0.5 V to 0.8 V 
V| H = 2.0VtoV CC 

Measurement Levels: Input =1.5 V 

Output High = 2.0 V 
Output Low = 0.8 V 




130pF*?fc 



"Includes Jig Capacitance 



3£ MMD7000 
J [ or Equiv. 
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READ CYCLE TIMING 1 (Note 7) 

A (Address) 



G (Output Enable) 



S (Chip Select) 



E (Chip Enable) 



S\ 



Q (Data Out) 



READ CYCLE TIMING 2 

E"= V|[_, G = V| L , S = V| L (Note 7) 



A (Address) 



Q (Data Out) 



zx 



READ CYCLE TIMING 3 
G = V| L , S = V|L<Notes7, 8) 



A (Address) 




z>: 



-tAVAX- 



X 



-'AVQX- 



-'AVQV- 



V 



■tSLQV- 

I 

-tGLQV- 



-tSLQX- 
-'GLQX- 



-tELQV- 



-HighZ- 



mzziL 



i 



< >GHQZ- 



-'EHQZ- 



tSHQZ > 



Data Valid 



> 



-UVAX- 



X 



-tAVQX- 



ifflX 



-tAVAX- 



X 



< tAVQV - 

< tAVQX > 



E (Chip Enable) 



Q (Data Out) 



\ 



-tELEH- 



t t E LQV > 

frtELQX> 



mx 



V 



J- 



Notes: 7. When Chip Enable (E) is Low, the address input must be valid. 

8. Addresses valid prior to or coincident with Chip Enable (E) transition low. 
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USER OPTIONS 



OPTION 1 





User Selections 


Active 


Function 


Pin 


Level 


G9 


22 


(High) (Low) 
1 


E10, 11 


20,27 


1 


s" 


20, 27 


1 



AO 10 

A1 . 9 

A2 8 

A3 7 

A4 6 

A5 5 




— > 


Memory 


— »- 


3-State 


Address 
Decode 


• 
• 
• 


Matrix 
(16,384x8) 


• 
• 

• 


Output 
Buffers 


A6 4 












A7 3 








— »• 




A8 25 






n 


A9 24 












A10 21 












A11 23 












A12 2 












A13 26 














A 




•r •* 


, 























■11 QO 

■12 Q1 

-13 Q2 

-15 Q3 

►16 Q4 

►17 Q5 

-18 Q6 

-19 Q7 



V C c = Pin28 
Vss = Pin 14 



*S "- 

'G 22- 



OPTION 2 





User Selections 


Active 


-unction 


Pin 


Level 
(High) (Low) 


G9 


22 


1 


E 10, 11 


20,27 


1 


S11 


20, 27 


1 



AO 10 

A1 9 

A2 8 

A3 7 

A4 6 

A5 5 


Address 
Decode 


• 
• 
• 


Memory 

Matrix 

(16,384x8) 


— > 

• 
• 
• 


3-State 
Output 
Buffers 


A6 4 

A7 3 








— > 




A8 25 






i 


i 


A9 24 










A10 21 










A11 23 










A12 2 










A13 26 












/ 


i 






•F " 














^ 




A 




• c •• 


J 









•11 QO 

•12 Q1 

-13 Q2 

•15 Q3 

►16 Q4 

►17 Q5 

-18 Q6 

-19 Q7 



V C C=Pin28 
Vss = Pin 14 



OPTION 3 



User Selections 

Active 
Function Pin Level 

(High) (Low) 
E 1 2 20, 27 1 



AO 10 

A1 9 

A2 8 

A3 7 



A4 
A5 
A6 
A7 



A8 25 
A9 24 
A10 21 
A11 23 
A12 2 
A13 26 



) — 


Address 
Decode 


— ^ 

• 
• 


Memory 

Matrix 

(16,384x8) 


— »■ 

• 
• 


3-State 
Output 
Buffers 







• 
— > 




• 




— 








i 


k 
















1 


> 









•11 QO 

•12 Q1 

-13 Q2 

•15 Q3 

-16 Q4 

-17 Q5 

•18 Q6 

•19 Q7 



V C C=Pin28 
Vss = Pin 14 



* Active level defined by the user 
** Pin defined by user 
Notes: 

9. No Option on Pin. 

10. Chip Enable (E) controls Power up and Power Down. 

11. Chip Enable (E) and Chip Select (S) may not have the same Pin Assignment. 

12. Either Pin 20 and Pin 22 will be Don't Care or Pin 22 and Pin 27 will be Don't Care but the one remaining pin controls Power Up and 
Power Down (E). 
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MCM63128 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM63128, the customer may specify the content of the 
memory and the method of enabling the outputs. 

Information on the general options of the MCM63128 
should be submitted on an Organizational Data form such as 
that shown in Figure 2. 



Information for custom memory contents may be sent to 
Motorola in one of two forms (shown in order of preference): 

1 . EPROMs - one 128K, two 64K, or four 32K. 

2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC 
character Code. Motorola's R.O.M.S. format. 



FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 




ORGANIZATIONAL DATA 
MCM63128 MOS READ ONLY MEMORY 




Customer: 

("Timpany 
Part Nn 












Motorola Use Only: 








Part Nrv 










Sperif Nrv 




Enable Options: (Please Refer to User Options) 

Active High Active Low 

Chip Enable | [ | | [""") 
Chip Select | | | If"] 


Pin Pin 
22 27 

□ 

□ 


User Option 1 

□ 

User Option 2 

□ 




Output Enable Q Q 

Don't Care \_J 


□ 

□ □ 


User Option 3 
□ 


Device Marking Requirements 

The customer marking requirements are restricted to these limits: 

1) Four lines maximum (including date code) 

2) Not more than 16 characters per line 




□□nnn □□□□□□□□□□□ 


.□□□□ n □□ o □□□□.□□□ □ 


DDDDDDDDDDDDDDDD 


D □□□□□□□□□□□□□□□ 
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M) MOTOROLA 




Advance Information 



256K BIT READ ONLY MEMORY 

The MCM63256 is a MOS mask programmable byte- oriented, Read- 
only Memory (ROM). The MCM63256 is organized as 32Kx8 and is 
fabricated using Motorola's High performance N-channel silicon gate 
technology (HMOS). This device is designed to provide maximum cir- 
cuit density and reliability with the highest possible performance. It re- 
mains fully compatible with TTL inputs and outputs while maintaining 
low power dissipation and wide operating margins. The MCM63256 
also contains circuitry for current surge suppression which maintains 
the chip in an internal deselect mode until Vcc approachs 2.5 volts, at 
which time the chip is internally selected. 

The active level of the Chip Enable and the Output Enable, along with 
the memory contents, are defined by the user. The user can also define 
the pinout assignment for address (A14) to either pin 27 or pin 1. 

The Chip Enable input controls the automatic power down feature 
which deselects the outputs and reduces the power consumption. 

• Single + 5 Volt (±10%) Supply 

• Fully Static Periphery — No Clocking Required on Chip Enable 

• Power Dissipation 

100 mA Active (Maximum) (Unloaded) 
15 mA Standby (Maximum) 

• Program Layer Late in Process for Quick Turnaround Time 

• Maximum Access from Address and Chip Enable 

150ns-MCM63256P15 
200ns-MCM63256P20 

• Maximum Access from Output Enable 
60ns-MCM63256P15 
80ns-MCM63256P20 

• Address (A14) is User Selectable for Either Pin 27 or Pin 1 

• Active Level for Chip Enable and Output Enable is User Selectable 

• 28-Pin JEDEC Standard Package and Pinout 



BLOCK DIAGRAM 



AO 10 

A1 9 

A2 8 

A3 7 

A4 6 

A5 5 


Address 
Decode 


— *■ 

• 
• 
• 


Memory 

Matrix 

(32,768x8) 


• 
• 
• ■ 


3-State 
Output 
Buffers 


A6 4 

A7 3 








—*■ 




A8 25 








i 


\ 


A9 24 












A10 21 












A11 23 












A12 2 












A13 26 












A14 27 














/ 


i 












~^n 














Y 





-11 Q0 

-12 Q1 

>13 Q2 

-15 03 

►16 Q4 

►17 Q5 

-18 Q6 

■19 Q7 



"G 22> 



Vcc = Pin 28 
Vss = Pin 1 4 



'Active level defined by the user. 



MCM63256 



HMOS 

(N-CHANNEL, SILICON GATE) 

32,768x8 BIT 
READ ONLY MEMORY 



^^Sffl 


fp* 


28 Tjlfl 


I 11 


.P" 


P SUFFIX 




PLASTIC PACKAGE 




CASE 710 



PIN ASSIGNMENT 




PIN NAMES 

A0-A14 Address 

E Chip Enable 

G Output Enable 

Q0-Q7 Data Output 

Vcc + 5 V Power Supply . 

Vss Ground 




This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM63256 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage Relative to Vss 


vcc 


-1.0 to +7.0 


V 


Voltage on Any Pin Relative to Vss 


Vin, Vout 


-1.0 to +7.0 


V 


Operating Temperature Range 


TA 


Oto +70 


°c 


Storage Temperature Range 


T stg 


-65 to +150 


°c 


Power Dissipation 


PD 


1.0 


w 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range uniess otherwise noted) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Notes 


Supply Voltage 
(Vcc must De applied at least 100 /»s before proper device operation is achieved) 


v C c 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


V|H 


! 2.0 


- 


vcc 


V 


- 


Input Low Voltage 


V|L 


-0.5 


- 


0.8 



DC OPERATING CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (Vj n = to 5.5 V) 


lin 


-10 


- 


10 


MA 


1 


Output High Voltage (loH= -205jjA) 


VOH 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iql=3.2 mA) 


v L 


- 


- 


0.4 


V 


- 


Output Leakage Current (Output High Z; V out =0.4 V to 2.4 V) 

1. Ea2.0 V,.G = Don't Care 

2. G>2.0 V, E= Don't Care 


lLO 


-10 




10 


^A 


2,5 


Supply Current — Active (Vcc = 5.5 V) 


ice 


- 


- 


100 


mA 


3,5 


Supply Current - Standby (Vcc = 5.5 V) 


'SB 


- 


- 


15 


mA 


4,5 




CAPACITANCE (f=1.0 MHz, T A = 25°C 


periodically sampled rather than 100% tested) 








Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Qn 


8 


pF 


Output Capacitance 


C ut 


15 


PF 



NOTES: 1. Measured a) with the chip powered up forcing Vcc on one input pin at a time while all others are grounded, and 
b) maintaining 0.0 V on one pin at a time while all others are at Vco 

2. Measured a) with A0-A14= Vss ar| d forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A14=V$s and forcing 2.4 V on one output at a time while all others are held at 0.4 V (Vcc = 4.5 V and 5.5 V). 

3. Measured with the Chip Enabled (E=V|l), addresses cycling (tAVAX = 150 ns), and the outputs unloaded. 

4. Measured with the Chip Disabled (E= V|H> and the outputs unloaded. 

5. Chip Enable (E) and Output Enable (G) are represented by active low for illustrative purposes. 
(The active level of the Chip enable and the Output Enable are defined by the user.) 
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MCM63256 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



READ CYCLE (See Notes 5, 6) 



Parameter 


Symbol 


MCM63256-15 


MCM63256-20 


Unit 


Notes 


Standard 


Alternate 


Min 


Max , 


Min 


Max 


Address Valid to Address Don't Care 

(Cycle Time when Chip Enable is Held Active) 


*AVAX. 


tCYC 


150 


- 


200 


- 


ns 


- 


Chip Enable 1 Low to Chip. Enable High 


*ELEH 


tEW 


150 


■■ - 


■ 200 


- 


ns 


- 


Address Valid to Output Valid (Access) 


tAVQV 


tAA 


- 


150 


- 


200 


ns 


- 


Chip Enable Low to Output Valid (Access) 


tELQV 


"tEA 


'-'■ 


150 


- 


200 


ns 


- 


Address Valid to Output Invalid 


tAVQX 


tDHA 


20 


- 


20 


- 


ns 


- 


Chip Enable Low to Output Invalid 


*ELQX 


tELZ 


20 


- 


.20 


- 


ns 


- 


Chip Enable High to Output High Z 


tEHQZ 


tEHZ 


- 


60 


- 


: 80 


ns 


- 


Output Enable Low to Output Valid 


tGLQV 


tGA 


, - . 


. 60 


- 


80 


ns 


- 


Output Enable Low to Output Invalid 


tGLQX 


tGLZ. 


10 


- 


10 


- 


ns 


- 


Output Enable High to Output High Z 


tGHQZ 


; tGHZ 


-. 


60 


- 


80 


ns 


- 



6. AC Test Conditions 

Input transition times: 5 ns<t r = tf<20 ns. 

Temperature: T/^ = 0°C to 70 C C 

Load Shown in Figure 1 

V CC = 5.0 V ± 10% ■. . 

Input Pulse Levels: V||_ = - 0.5 V to 0.8 V 

V| H = 2.2VtoV C C 
Measurement Levels: Input = 1.5 V 

Output Low = 0.8 V 
Output High = 2.0 V 



FIGURE 1 - AC TEST LOAD 

5.0 V 



Rl_=12k 

|4 I MMD6150 

or tquiv. 




130 pF*;fc >|H.7k 



'Includes Jig Capacitance 



H MMD7000 
V or Equiv. 
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MCM63256 



READ CYCLE TIMING 1 (Note 7) 
A (Address) 



Dl 



-tAVAX- 



X 



-tAVQX- 



-tAVQV- 



Dutput Enable) \\\\\\\\\. 



E (Chip Enable)- 



S\ 



Q (Data Out) 



READ CYCLE TIMING 2 
E=V||_, G=V| L (Note 7) 



ZX 



Q (Data Out)' 



READ CYCLE TIMING 3 
G = V| L (Notes 7, 8) 



A (Address)- 



Z>[ 




E (Chip Enable) 



Q (Data Out)' 



k l G LQV *■ 



-tGLQX- 



-tELQV- 



-tELQX- 



-HighZ- 



STTTTTT. 



I 



■< tQHQZ- 



-tEHQZ- 



Data Valid 



> 



-tAVAX- 



X 



-tAVQV- 



-tAVQX- 



iSffiX 



-tAVAX- 



K 



< tAVQV • 

< tAVQX > 



X 



-'ELEH- 



«* -tELQV — *- 



t'ELQX> 



ffl)( 



/ 



-IEHQ7- 



J- 



Notes: 

7. When Chip Enable (E) is Low, the address input must be valid. 

8. Addresses valid prior to or coincident with Chip Enable (E) transition low. 
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MCM63256 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM63256, the customer may specify the content of the 
memory and the method of enabling the outputs. 



Information for custom memory contents may be sent to 

Motorola in one of two forms (shown in order of preference): 

. 1. EPROMs - one 256K, two 128K, or four 64K. 



Information on the general options of the MCM63256 
should be submitted on an Organizational Data form such as 
that shown in Figure 2. 



2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC charac- 
ter Code. Motorola's R.O.M.S. format. 



FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 



ORGANIZATIONAL DATA 
MCM63256 MOS READ ONLY MEMORY 


Customer: 






Company 


Motorola Use Only: 




Part Nr» 


flume- 




Originator 


Part Nrv 
Spfirif Nrv 




Enable Options: Pinout Options: 

Active High Active Low Pin 27 Pin 1 




Cf j n E T an ***-«* □ p 


Output Enable i — i i — i 
(Pin 22) I — II — I 


Device Marking Requirements 

The customer marking requirements are restricted to these limits: 
1) Four lines maximum (including date code) 


2) Not more than 16 characters per line 


DDDDDDDDDDDDDGDn 


DDDDDDDDDDDDDDDD 


DDDDDDDODDDDDDDD 


□□□□□□□□□□□□□□□□ 
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^) MOTOROLA 



Product Preview 



256K BIT READ ONLY MEMORY 

The MCM65256 is a complementary MOS mask-programmable byte- 
organized Read Only Memory (ROM). The MCM65256 is organized as 
32,768 bytes of 8 bits and is fabricated using Motorola's High perfor- 
mance silicon gate CMOS technology (HCMOS). This device is design- 
ed to provide maximum circuit density and reliability with highest possi- 
ble performance while maintaining low-power dissipation and wide 
operating margins. The MCM65256 offers low-power operation from a 
single +5 volt supply and is fully TTL compatible on all inputs and out- 
puts. 

The active level of the Chip Enable and the Output Enable, along with 
the memory contents, are defined by the user. The Chip Enable input 
deselects the outputs and puts the chip in a power-down mode. The 
user can also define the pinout assignment for Address (A14) to either 
pin 27 or pin 1 . 

• Single +5 Volt ± 10% Power Supply 

• Fully Static Periphery — No Clocking Required on Chip Enable 

• Maximum Access Time from Address and Chip Enable is 350 ns 

• Automatic Power Down 

• Low Power Dissipation 

50 mA Maximum (Active, Unloaded, 1 ^s Cycle Rate) — 

Decreases with Increasing Cycle Time 
5 mA Maximum (Standby, TTL Inputs) 
50|tA Maximum (Standby, Full Rail Inputs) 

• Program Layer Late in Process for Fast Turnaround Time 

• Address (A14) is User Selectable for Either Pin 27 or Pin 1 

• Active Level for Chip Enable and Output Enable Are User Selectable 

• 28 Pin JEDEC Standard Package and Pinout 




BLOCK DIAGRAM 



A0 10- 
A1 9 - 
A2 8 - 
A3 
A4 
A5 
A6 
A7 



7 ■ 
6 - 
5 - 
4 ■ 
3 " 
A8 25- 
A9 24- 
A10 21 ■ 
A11 23- 
A12 2 - 
A13 26- 
A14 27 " 

*E 20- 
*G 22- 



Address 
Decode 















3- State 
Output 
Buffers 


Memory 


* 


Matrix 




(32,768x8) 






w 



















z> 



■ 11 Q0 

-12 Q1 

-13 Q2 

-15 Q3 

►16 Q4 

►17 Q5 

►18 Q6 

►19 Q7 



Vrjc=Pin 28 
Vss = pi n 14 



* Active level defined by the user. 



MCM65256 



HCMOS 

(COMPLEMENTARY MOS) 

32,768x8 BIT 
READ ONLY MEMORY 




P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



PIN ASSIGNMENT 




PIN NAMES 



A0-A14. . .'. .Address 

E Chip Enable 

3 . . Output Enable 

Q0-Q7 Data Output 

Vqc +5V Power Supply 

V$s Ground 



This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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MCM65256 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage Relative to VSS 


v C c 


-0.3 to +7.0 


V 


Voltage on Any Pin Relative to VsS 


Vin, Vout 


-0.3 to +7.0 


V 


Operating Temperature Range 


TA 


to + 70 


°c 


Storage Temperature Range 


Tstq 


-55 to +125 


°c 


Power Dissipation 


PD 


1.0 


w 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Norn 


Max 


Unit 


Notes 


Supply Voltage 
(Vcc must be applied at least 100 ps before proper device operation is achieved) 


vcc 


4.5 


5.0 


5.5 


V 


- 


Input High Voltage 


V|H 


2.2 


-■ 


vcc 


V 


- 


Input Low Voltage 


VlL 


-0.3 




0.8 



DC CHARACTERISTICS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Input Current (Vj n = to 5.5 V) 


'in 


-10 


- 


10 


MA 


1 


Output High Voltage (Ioh = -400 pA) 


VOH 


2.4 


- 


- 


V 


- 


Output Low Voltage (Iol= 2.0 mA) 


vol 


- 


- 


0.4 


V 


- 


Output Leakage Current (Output High Z; V out = 0.4 V to 2.4 V) 
E&2.2 V, G= Don't Care 
Ga2.2 V, E= Don't Care 


•lo 


-10 




10 


MA 


2, 5 


Supply Current - Active (Vcc = 5.5 V) (1 /is Cycle Rate) 


>CC 


- 


- 


50 


mA 


3,5 


Supply Current - Standby (E = Vcc) 


>SB1 


- 


- 


50 


,iA 


4 


Supply Current — Standby (E=Vm, Outputs Unloaded) 


'SB2 


- 


- 


5 


mA 


5 



CAPACITANCE (f=1.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested) 



Characteristic 


Symbol 


Max 


Unit 


Input Capacitance 


Cin 


10 


PF 


Output Capacitance 


Cout 


15 


PF 



Notes: 1 . Measured a) with the chip powered up forcing Vqc on one input pin at a time while all others are grounded, and 
b) maintaining 0.0 V on one pin at a time while all others are at Vcc- 

2. Measured a) with A0-A14= V$s and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and 

b) with A0-A14= Vgs and forcing 2.4 V on one output at a time while all others are held at 0.4 V (Vcc = 4.5 V and 5.5 V). 

3. Measured with the Chip Enabled (E = Vn_), addresses cycling (tA\/AX = 1 /&• anc) the outputs unloaded. 

4. Measured with the Chip Disabled (E = Vrjc> and the outputs unloaded. 

5. Chip Enable (E) and Output Enable (G) are represented by active low for illustrative purposes. 
(The active level of the Chip Enable and the Output Enable are defined by the user.) 
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MCM65256 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted.) 



READ CYCLE (See Notes 5, 6) 



Parameter 


Symbol 


MCM65256-35 


Unit 


Notes 


Standard 


Alternate 


Min 


Max 


Address Valid to Address Don't Care 
(Cycle Time when Chip Enable is Held Active) 


tAVAX 


tCYC 


350 


- 


ns 


- 


Chip Enable Low to Chip Enable High 


l ELEH 


l EW 


350 


- 


ns 


- 


Address Valid to Output Valid (Access) 


*AVQV 


*AA 


- 


350 


ns 


- 


Chip Enable Low to Output Valid (Access) 


*ELQV 


tEA 


- 


350 


ns 


- 


Address Valid to Output Invalid 


l AVQX 


tDHA 


20 


- 


ns 


- 


Chip Enable Low to Output Invalid , 


tELQX 


tELZ 


20 


- 


ns 


- 


Chip Enable High to Output High Z 


tEHQZ 


l EHZ 


- 


80 


ns 


- 


Output Enable Low to Output Valid 


.■ l GLQV . 


tGA 


- 


100 


ns 


- 


Output Enable Low to Output Invalid 


l GLQX 


l GLZ 


10 


- 


ns 


- 


Output Enable High to Output High Z 


l GHQZ 


'GHZ 


- 


80 


ns 


- 



Note: 6. AC Test Conditions 

Input transition times: 5 nsst r =tfS20 ns 

Temperature: Ta = 0°C to 70 C C 

Load shown in Figure 1 

Vcc = 5:0V±10% 

Input Pulse Levels: V|[_= -0.5 V to 0.8 V 

V| H = 2.2VtoV CC 
Measurement Levels:lnput= 1.5 V 

Output Low= 0.8 V 
Output High = 2.0 V 



FIGURE 1 - AC TEST LOAD 

5.0 V 



R L = 1.95 k 



Test Point o- 



100 pF* pt 





1 Includes Jig Capacitance 
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MCM65256 



READ CYCLE TIMING 1 (Note 7) 



A (Address) 



G (Output Enable) 



E (Chip Enable) 



zx 



a 



Q (Data Out) 



READ CYCLE TIMING 2 
E = V| L , G = V| L (Note7) 



A (Address) 



Q (Data Out) 



IX 



READ CYCLE TIMING 3 
G = V|L<Notes7, 8) 



-tAVAX- 



X. 



-tAVQX- 



-'AVQV- 



< tGLQV > 



-'GLQX- 



-tELQV- 



-tELQX- 



-HighZ- 



JT77T77. 



I 



-'AVAX- 



-tAVQV- 



-«AVQX *■ 



iSXXX 



■*- tGHQZ- 



-'EHQZ- 



Data Valid 



X 



Data Valid 



> 



A (Address) 



ft. 



-tAVAX- 



■ VWQV ■ 



h* tAVQX ■ 



E (Chip Enable) 



Q (Data Out) 



\ 



-tELEH- 



K tE LQV *> 



^to 



X 



y 



-tEHQZ- 



Data Valid 



y- 



Notes: 7. When Chip Enable (E) is Low, the address input must be valid. 

8. Addresses valid prior to or coincident with Chip Enable (E) transition low. 
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MCM65256 



CUSTOM PROGRAMMING 



By the programming of a single photomask for the 
MCM65256, the customer may specify the content of the 
memory and the method of enabling the outputs. 



Information for custom memory contents may be sent to 

Motorola in one of two forms (shown in order of preference): 

1. EPROMs - one 256K, two 128K, or four 64K. 



Information on the general options of the MCM65256 
should be submitted on an Organizational Data form such as 
that shown in Figure 2. 



2. Magnetic Tape 

9 track, 800 bpi, odd parity written in EBCDIC charac- 
ter Code. Motorola's R.O.M.S. format. 



FIGURE 2 - FORMAT FOR PROGRAMMING GENERAL OPTIONS 




ORGANIZATIONAL DATA 
MCM65256MOS READ ONLY MEMORY 


Customer: 






Trimpany 


Motorola Use Only: 




Part Mr. 


Diintp- 




Originator 


Part Nn- 
Sporif hlr.- 




Enable Options: Pinout Options: 

Active High Active Low Pin 27 Pin 1 
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Advance Information 



DUAL-PORT RAM MEMORY UNIT 

The MCM68HC34 is a dual-port RAM memory (DPM) unit which 
enables two processors, arbitrarily referred to as "A" and "B", 
operating on two separate buses to exchange data without interfering 
with devices on the other bus. It contains 256 bytes of dual-port RAM 
which is the medium actually used for the interchange of data. 

The dual-port memory unit contains six semaphore registers that pro- 
vide a means for controlling access to the dual-port RAM or any other 
shared resources. It also contains interrupt registers which provide a 
means for the processors to interrupt each other. 

• High-Speed CMOS (HCMOS) Structure 

• Six Read/Write Semaphore Registers 

• 256 Bytes of Dual-Port RAM 

• Eight Address Lines 



MCM68HC34 



HCMOS 

(HIGH DENSITY CMOS SILICON-GATE) 

DUAL-PORT RAM 
MEMORY UNIT 




L SUFFIX 

CERAMIC PACKAGE 
CASE 715 



P SUFFIX 

PLASTIC PACKAGE 
CASE 711 



PIN ASSIGNMENT 



VCC[1 

RESET [ 2 

CSla[3 

Ea[4 

R/Wa [ 5 

RSa[6 

ASa[7 
MODE C 8 

ADO [9 

AD1 [ 

AD2[ 

AD3[ 

AD4[ 

AD5[ 

AD6[ 

AD7 [ 16 

iRQat 

vssl 

lRQb[ 
DO [20 



\7 



40 

39 

38 

37 

36 

35h 

34|] 

33 

32 

31 

30 

29 

28fc| 

27 

26 

25b 



23] 
22] 



]CS1b 

jEb 

]RSb 

]R/Wb 

]ASb 

A0 

A1 
]A2 
] A3 
]A4 
]A5 
]A6 

A7 
JD7 
]D6 

D5 
]D4 

D3 

D2 
]D1 




This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vcc 


-0.3 to 7.0 


V 


Input Voltage, All Inputs 


•v in 


Vss-0.3 to Vcc + 0.5 


V 


Operating Temperature 


TA 


0to70 


°c 


Storage Temperature 


T stg 


-55 to 150 


°c 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
Ceramic 
Plastic 


0JA 


50 
100 


°c/w 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. Unused inputs must be 
tied to an appropriate logic level (either Vqq 
or Vss> to reduce leakage currents and 
increase reliablity. 



FIGURE 2 - BUS TIMING LOAD 



Test Point O 




DC ELECTRICAL CHARACTERISTCS (V C c = 5.0 Vdc ±5%, V S s = Vdc, T A = 0°C to 70°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Input High Voltage (see Note 1) 


VIH 


2.0 


Vcc + 0.3 


V 


Input Low Voltage (see Note 2) 


V|L 


Vss-0.3 


0.8 


V 


Input Current 
<Vin = 0toV C C> 


lin 


_ 


1.0 


f*A 


Output Leakage Current 


ioz 


- 


10.0 


jtA 


Output High Voltage 
(l Lo ad=-100nA) 
(l Load =<10.0 /l A) 


VOH 


2.4 
Vcc-0.1 


- 


V 


Output Low Voltage 
(l Load =1.6mA) 
(l Loa d=<10.0 fl A) 


vol 


- 


0.4 
0.1 


V 


Current Drain - Outputs Unloaded 
Standby - CEa and CEb at V$s 
Operating - Ea, Eb=1 MHz, Both Sides Active 


Idds 
Idd 


- 


0.1 
30 


mA 
mA 


Input Capacitance 


Qn 


- 


10 


PF 


Output Capacitance 
(AD0-AD7 and D0-D7J 


^out 


_ 


12 


PF 



NOTES: 

1. Input high voltage as stated is for all inputs except MODE. In the case of MODE, input high voltage is tied to Vqc- 

2. Input low voltage as stated is for all inputs except MODE. In the case of MODE, input low voltage is tied to Vgs or is floating. If floating, 
the voltage will be internally pulled to Vss- 
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BUS TIMING (See Notes 1 and 2 and Figure 2) 



Ident 
Number 


Characteristics 


Symbol 


Min 


Max 


Unit 


1 


Cycle Time 


( cyc 


800 


- 


ns 


2 


Pulse Width, E Low 


p WEL 


300 


- 


ns 


3 


Pulse Width, E High 


PWEH 


325 


- 


ns 


4 


Input Rise and Fall Time 


V, tf 


- • 


30 


ns 


8 


Read/Write Hold Time 


tRWH 


10 


- 


ns 


9 . 


Non-Multiplexed Address, RS Hold Time 


*AH 


10 


■- 


ns 


12 


Non-Multiplexed Address, RS Valid Time to Eb 


tAV 


20 


- 


ns 


13 


R/W, Chip Select Setup Time 


tRWS 


20 


- 


ns 


15 


Chip Select Hold Time 


tCH 





- 


ns 


18 


Read Data Hold Time 


tDHR 


20 


75 


ns 


21 


Write Data Hold Time 


tDHW 


10 


- 


ns 


24 


Address Setup Time for Latch 


'ASL 


20 


- 


ns 


25 


Address Hold Time for Latch 


tAHL 


20 


- 


ns 


27 


Pulse Width, AS High 


pwash 


110 


- 


ns 


28 


Address Strobe to E Delay 


tASED 


20 


- 


ns 


30 


Read Data Delay Time 


tDDR 


- 


240 


ns 


31 


Write Data Setup Time 


tDSW 


100 


- 


ns 



NOTES: 

1. Timing numbers relative to one side only. No numbers are intended to be cross-referenced from one side to the other. 

2. Measurement points shown for ac timing are 0.8 V and 2.0 V, unless otherwise specified. 
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BUS TIMING DIAGRAMS 
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SIGNAL DESCRIP T 'ON 

The following paragraphs cont 
the input and output signals. 

VccANDVss 

These pins supply power to the DPM. Vcc is + 5 volts ± 5% 
and Vss is volts or ground. 

E CLOCK INPUTS (Ea AND Eb) 

These are the input clocks from the respective processors ' 
and are positive during the latter portion of the bus cycle. 

REGISTER SELECT INPUTS (RSa AND RSb) 

These inputs function as register select inputs. A high on 
the RSa for side A or RSb for side B input allows selection of 
the semaphore and interrupt registers respectively for side A 
and side B by the lower three address bits. A low on RSa or 
RSb selects 256 bytes of RAM from side A or side B respec- 
tively. 

CHIP SELECT INPUTS (CSIa. AND CSIb) 

These inputs function as chip select inputs for their 
resp ective sides. CS1a must be low_to_select side A and 
CS1b must be low to select side B. If CS1a is high, side A is 
deselected. If CSIb is high, side B is deselected. 

MODE SELECT (MODE) 

In normal operation, this pin should always be connected 
to Vcc (MODE=1). Each side has three st ates controlled by 
RSa and CS1a for side A and RSb and CSIb for side B. 

If CS1a is high, side A cannot be accessed. If GS1a is low, 
side A accesses either 256 bytes of RAM or the six 
semaphore registers and the two interrupt registers depen- 
ding on the level of RSa. If RSa is low, 256 bytes of RAM are 
accessed and if RSa is high, the six semaphores and two in- 
terrupt registers are accessed 

The six semaphore and two. interrupt register's are redun- 
dantly mapped in the 256 byte mode. That is, only the low 
order three bits select one of eight registers and the upper 
five bits of address are not decoded. Refer to Table 1. 



TABLE 1 - SIDE A CONTROL SIGNAL OPERATION 



TABLE 2 - RIDE B CONTROL SIGNAL OPERATION 



Mode 


CS1a 


RSa 


Operation 


1 








Access 256 Byte RAM Side A 


1 





1 


Access Semaphore/ IRQ! Side A 
on Lower Three Bits of Address 


1 


1 


X 


Side A Not Selected 




The three states for side B in the 256 byte m ode are con- 
trolled in the manner as side A using RSb and CS1b except 
that side B uses separated address and data inputs. Refer to 
Table 2. 





RSb 


Operation 





Access 256 Byte RAM Side B 






. . 1. . 


Access Semaphore/ (TO Side B 
on Lower Three Bits of Address 


■ 1 ■ • 


- 1 


X 


' Side B Not Selected 



INTERRUPT REQUEST OUTPUTS (IRQa AND IRQb) 

These pins are active low open-drain outputs. A write to 
address. F9 from one side asserts'an interrupt, if not masked. 
On the other side, a write to address F9 sets this pin low. 

B SIDE ADDRESS BUS INPUTS (A0-A7) AND 
B SIDE BIDIRECTIONAL DATA BUS (D0-D7) 

When the B side is run from a multiplexed bus processor, 
the B side. address pins are connected to the B side data 
pins, respectively (AO to DO, A1 to D1, etc.). 



SYSTEM RESET INPUT (RESET) 

A low level on this input causes the semaphore registers to 
be set to the states shown in Table 5 under SEMAPHORE 
REGISTERS and clears both bits of b oth IRQ registers to 
zeros/ the RAM data is unaffected by RESET. 

ADDRESS STROBE INPUTS (ASa AND ASb) 

The ASa input demultiplexes the eight low order address 
lines from the data lines on the A side. The falling edge of 
ASa latches the A side address within the DPM. The ASb in- 
put is used in the same manner when the B side is connected 
to a multiplexed bus. It must be connected, to a high level 
when the B side is connected to a non-multiplexed bus. 

A SIDE MULTIPLEXED ADDRESS/ 
BIDIRECTIONAL DATA BUS (AD0-AD7) 

The A side can only be used with a multiplexed ad- 
dress/data bus. The A side addresses are on these lines dur- 
ing the time ASa is high. The lines are used as bidirectional 
data lines during the time Ea is high. 



DUAL-PORT RAM 

The dual-port memory unit contains 256 bytes of dual-port 
RAM that is accessed from either processor. It is selected in 
either case by eight address lines, register select, and chip 
select inputs. The direction of_data transfer is controlled by 
the respective read/write (R/Wa or R/Wb) line. The dual- 
port RAM enables the processors to exchange data without 
interfering with devices on the other bus. 

Simultaneous accesses by both sides of different locations 
of dual-port RAM will cause no ambiguities. Simultaneous 
reads by both sides of the same dual-port RAM location 
gives the proper data to both sides. On a simultaneous write 
and read of the same location, the data written is put into 
RAM but the data read is undefined. Simultaneous writes to 
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the same RAM location result in undefined data being 
stored. Thus, simultaneous writes and simultaneous write 
and read to the same location should be avoided. The 
semaphore registers provide a tool for determining when the 
shared RAM is available. 



SEMAPHORE REGISTERS 

The dual-port memory unit contains six read/write 
semaphore registers. Only two bits of each register are used. 
Bit 7 is the semaphore (SEM) bit and bit 6 is the ownership 
(OWN) bit. The remaining six bits will read all zeros. 

Each semaphore register is able to arbitrate simultaneous 
accesses to it. The semaphore register bits provide a 
mechanism for controlling accesses to the shared RAM but 
there are no hardware controls of the dual-port RAM by the 
semaphore registers. 

Table 3 is the truth table for when a semaphore register is 
accessed by one of the processors. When a semaphore 
register is written, the actual data written is disregarded but 
the SEM bit is set to zero. When the register is read, the 
resulting SEM bit is one (for the next read). The data obtain- 
ed from the read is interpreted as: SEM bit equals 
zero — resource available, SEM bit equals one — resource 
not available. 

TABLE 3 - ONE PROCESSOR SEMAPHORE BIT TRUTH TABLE 



except the second semaphore register which is owned by the 
B processor. 



Original 




Data 


Resulting 


SEM Bit 


R/W 


Read 


SEM Bit 





R 


0* 


1 


1 


R 


1* 


1 





W 


- 





1 


W 


- 






= Resource Available 

1 = Resource Not Available 

Table 4 shows the truth table if both processors read or 
read and write the same semaphore register at the same 
time. The A processor always reads the actual SEM bit. The 
B processor reads the SEM bit except during the 
simultaneous read of a clear SEM bit. This insures that 
during a simultaneous read, only the A processor reads a 
clear SEM bit and therefore has priority to the shared RAM. 

TABLE 4 - SIMULTANEOUS ACCESS OF OF SEMAPHORE 
REGISTER TRUTH TABLE 



Original 
SEM Bit 


A Processor 


B Processor 


Resulting 
SEM Bit 


Fi/W 


Data Read 


R/W 


Data Read 



1 
1 
1 


R 

R 

. W 

R 


0* 
1* 

1* 


R 
W 
R 
R 


1* 

* 
1 


1 


1 



*0= Resource Available 
1 = Resource Not Available 

The ownership bit is a read-only bit that indicates which 
processor last set the SEM bit. The OWN bit is set to a one 
whenever the SEM bit is set from zero to one. The OWN bit 
as read by one processor is the complement of the bit read 
by the other processor. 

The reset state of the semaphore registers is defined in 
Table 5. The A processor owns all of the semaphore registers 



TABLE 5 - 


RESET STATE OF SEMAPHORE REGISTERS 


Semaphore 
Register 
Number 


: A Processor 


B Processor 


SEM Bit 


OWN Bit 


SEM Bit 


OWN Bit 


1 

2 : 

3 

4 

5 

6 




1 

" 

1 

1 

1 

1 





1 







A state diagram for a semaphore register is shown in 
Figure 3. 

FIGURE 3 - STATE DIAGRAM FOR SEMAPHORE REGISTER 
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1 




~"W SEN/ 


= 1 y~* 


OWN = A 
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1 




"" W SEtV 




OWN ='B \ K 


1 
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I OWI* 


J = B JL 






1 
1 
1 
1 
1 






■—J B Reads 

V 1 ' 1 



Available 



In Use 



NOTES: 

1. Writes to a semaphore register are valid only if SEM=1 
andOWN = 1. 

2. When A and B simultaneously read a semaphore register, 
the hardware handles it as a read by A followed by a read 
by B. 

INTERRUPT REGISTERS 

The dual-port memory unit contains two addressable 
locations at F8 and F9 on both sides that control the interrupt 
(IRQ) operation between the processors. Although there is 
only one hardware register for each side, for purposes of 
explanation the register accessed at location F8 is referred to 
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as the IRQX status register and the register accessed at 
location F9 is referred to as the IRQX control register (refer to 
Table 6). The registers each consisting of two bits have 
identical bit arrangements. Bit. 6 is the enable bit and bit 7 is 
the flag bit. Th e other six bits are not used and always read 
as zero. When RESET is asserted, both bits are cleared to 
zero. 

Table 7 summarizes the bits involved when reading or 
writing to the status or control registers at F8 or F9. The 
enable bits on either side (A or B) track the data that is 
written into the status register from that side. Writes to the 
control register do not alter data. The actual data written is 
disregarded but the action sets the flag bit in the other side's 
register and asserts an interrupt signal if enabled. 

The following describes how the B side interrupt is 
asserted from the A side. The A. side interrupt is controlled in 
a similar manner. 

When the enable bit in the IRQb status register is set (bit 
6=1), a write to IRQa control register sets the flag bit in the 
IRQb status register (bit 7= 1) and causes an interrupt on the 
B side by setting the IRQb pin low. Reading the IRQb status 



register reads the state of the B side enable and flag bits. 
Reading the IRQb control register also reads the enable and 
flag bits but in addition, clears the B side flag bit (bit 7 = 0) 
and clears the B side interrupt by removing the low condition 
on the IRQb pin. 

The enable bit in the IRQb status register (bit 6) is changed 
by writing the proper data to bit 6 of the IRQb status register. 
If the B side enable bit is zero, interrupts are prevented on 
the B side. However, a write to the IRQa control register still 
sets the B side flag bit. 

INTERNAL REGISTER ADDRESSES 

Table 8 shows the address of the RAM, TRQ", and 
semaphore registers. The addresses to these registers are the 
same whether accessed from the A or B side. The address 
and data buses are multiplexed on the A side. The B side has 
separate address and data buses. The B side can be used on 
a multiplexed bus by connecting the corresponding address 
and data bit pins together (A0 to DO, A1 to D1, etc.) and 
using the B side address strobe input pin. 



TABLE 6 - IRQ REGISTERS 



Location 


Register Name 


Bit 7 


Bit 6 


Bits 5 to 


A Side F8 


IRQa Status 


Flag 


Enable 


Not Used 


A. Side F9 


IRQa Control 


Flag 


Enable 


Not Used 


B Side F8 


IRQb Status 


Flag 


Enable 


Not Used 


B Side F9 


IRQb Control 


Flag 


Enable 


Not Used 



TABLE 7 - INTERRUPT OPERATION 


Operation 


Action Taken 


A Reads IRQa Status at F8 


Read EA and FA 


A Writes IRQa Status at F8 


Writes to EA 


A Reads IRQa Control at F9 


Read EA and FA; Clear FA 


A Writes IRQa Control at F9 


■ Set FB; Assert IRQB if Enabled 


B Reads IRQb Status at F8 


Read EB and FB 


B Writes IRQb Status at F8 


Writes to EB 


B Reads IRb Control at F9 


Read EB and FB; Clear FB 


B Writes IRQb Control at F9 


Set FA; Assert IRQA if Enabled 



F8 and F9 are Address Locations 

EA and FA are A Side Enable and Flag Bits 

EB and FB are B Side Enable and Flag Bits 



TABLE 8 - REGISTER LOCATIONS 




RS 


Address 


Register Name 



1 
1 
1 
1 

1 

1 
1 

.1 
1 


00-FF 
00-07 
08-0 F 
10-17 
18-1F 
• 

• 
E0-E7 
E8-EF 
F0-F7 . 
F8-FF 


Dual Ported RAM 
IRQ and Semaphore 
IRQ and Semaphore 
IRQ and Semaphore 
IRQ and Semaphore 

IRQ and Semaphore 

IRQ and Semaphore 
IRQ and Semaphore 
IRQ and Semaphore 
IRQ and Semaphore 



Where: 

X is through F of the upper four bits 
of the address (note that only the lower 
three bits of the address are decoded): 
X0 and X8 IRQa or IRQb Status 
X1 and X9 IRQa or IRQb Control 
X2 and XA Semaphore 1 
X3 and XB Semaphore 2 
X4 and XC Semaphore 3 
X5 and XD Semaphore 4 
X6 and XE Semaphore 5 
X7 and XF Semaphore 6 
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Advance Information 



128K-BIT COMBINATION ROM/EEPROM MEMORY UNIT 

The MCM6836E16/MCM6836R16 Combination ROM/EEPROM 
Memory (CREEM) is a 16K byte combination memory device with 14K 
bytes of mask programmable ROM and 2K bytes of electrically erasable 
programmable ROM (EEPROM). It is designed for handling data in 
applications requiring nonvolatile memory and in-system reprogram- 
ming to a portion of the memory. The MCM6836 saves time and money 
because of the in-system erase and reprogram capability of its 2K bytes 
of EEPROM. The industry standard pinout in a 28-pin dual-in-line 
package makes the MCM6836I )16 compatible with 128K-bit ROMs and 
EPROMs. 

For easy use, the MCM6836I )16 device operates in the read mode 
from a single power supply and has a static power down mode. The 
MCM6836R16 version has a 256 byte user programmable redundancy 
EEPROM on chip. It can be programmed by the user to replace any 
page of 256 bytes of memory in the mask ROM or EEPROM sections. 

The following are some of the major features of the MCM6836( )16. 

• 128K-Bit ROM/EEPROM Combination Memory Organized as 
16,384x8 Bytes 

• Lowest Order 2K Bytes are Bulk Erasable EEPROM 

• Remaining 14K Bytes are Mask Programmed ROM 

• Packaged in Standard 28-Pin DIP 

• Pin Compatible with 128K-Bit ROMs and EEPROMs 

• In the Read Operating Mode Only +5 V Power Supply is Required 

• +21 Vdc Programming Power Supply 

• Bulk Erase 

• 256 Bytes of Spare Memory are Included on Chip (MCM6836R16 
Only) 

• Seven Operating Modes: Read, Standby, Program, Erase, Verify, 
Replace (MCM6836R16 Only), and Erase-of-Replace (MCM6836R16 
Only) 



ORDERING INFORMATION (T A = 0°C to 70°C) 



Package Type 


Order Number 


Cerdip 
S Suffix 


MCM6836E16S 
MCM6836R16S 


Plastic 
P Suffix 


MCM6836E16P 
MCM6836R16P 



MCM6836E16 
MCM6836R16 



HMOS 

HIGH-DENSITY N-CHANNEL PROCESS 

128K-BIT COMBINATION 
ROM/EEPROM MEMORY 




S SUFFIX 

CERDIP PACKAGE 
CASE 733 



P SUFFIX 

PLASTIC PACKAGE 
CASE 710 



PIN ASSIGNMENT 




Pin Names 

A0-A13 Address 

E Chip Enable 

G Output Enable 

W Write 

DQ0-DQ7 Data 

Vpp Program Voltage 

Vcc +5V Power Supply 

V$s Ground 




This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 



7-11 



MCM6836E16E • MCM6836R16 



FIGURE 1 - MCM6836( )16 EEPROM MEMORY UNIT BLOCK DIAGRAM 
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FIGURE 2 - AC TEST LOAD 



V DD =5V 



'Load 

< 



Test Point O- 



100 pF 



MMD6150 < R1 
or Equiv. > 2.2 k 

n 



R2 



> 6k ]f 

4 i 



MMD7000 
or Equiv. 




7-12 



MCM6836E16E • MCM6836R16 



MAXIMUM RATINGS (Voltages Referenced to V ss ) 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


v C c 


-0.3 to +7.0 


V 


Programming Voltage 


Vpp 


-0.3 to + 22 


V 


Input Voltage 
Mode Programming Pin 
All Other Inputs 


V|HH 
V'm 


-0.3 to +19 
-0.3 to + 7 


V 
V 


Operating Temperature Range 


T A 


0to70 


°c 


Storage Temperature Range 


T stg 


-55 to +150 


°c 



THERMAL CHARACTERISTICS 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages of electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vj n and 
N/out be constrained to the range 
V ss <(V in or V 0Ut )<sV CC . Reliability of 
operation is enhanced if unused inputs 
are connected to an appropriate logic 
voltage level (e.g., either Vss or ^cc'- 



Characteristics 


Symbol 


Value 


Unit 


Thermal Resistance 
Cerdip 
Plastic 


0JA 


60 
100 


°C/W 



POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be obtained from: 

Tj = T A +(Pt)»»JA> (1) 

Where: 

Ta = Ambient Temperature, °C 

0jA = Package Thermal Resistance, Junction- to-Ambient, °C/W 
PD = P|NT+PPORT 

P|NT-'CC X VcC. Watts — Chip Internal Power 
PpORT = P° rt Power Dissipation, Watts - User Determined 
For most applications PpORT*^P|NT ar| d can be neglected. PpoRT mav become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Tj (if PpoRT |S neglected) is: 

p D =KH-(Tj + 273°C> (2) 

Solving equations 1 and 2 for K gives: 

K=P D »(Ta + 273°C) + 0j A «Pd 2 (3) 

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pq (at equilibrium) 
for a known Ta. Using this value of K the values of Pq andTj can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta- 



OPERATING DC ELECTRICAL CHARACTERISTICS (V cc = V P p=5.0 V +10%, V S s = Vdc, Ta = 0° to70°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Output High Voltage (I Load = -400>A) 


VOH 


2.4 


- 


V 


Output Low Voltage (l|_oad-2.1 mA) 


vol 


- 


0.4 


V 


Input High Voltage 


V|H 


2.0 


VCC 


V 


Input Low Voltage All Inputs (Except Vpp) 


V|L 


-0.1 


0.8 


V 


Input High Voltage Vpp (Normal Operating Mode) 


V|H 


v C c 


vcc 


V 


Supply Current Measured at Ta = 0°C in Read Mode Operation (Vcc = 4.5 to 5.5 V) 


'cc 


- 


100 


mA 


Input Low Current (V||_=0) 


Ml 


- 


-10 


MA 


Input High Current (V|H = 5.25 V) 


l|H 


- 


10 


^a 


Hi-Z Output Leakage Current Low (V out = 0.4 V) 


>OZL 


- 


-10 


/tA 


Hi-Z Output Leakage Current High (V out = 5.5 V) 


lOZH 


- 


10 


^A 


Capacitance 
Output (V out = 0) 
Input (Vj n = 0) 


^out 
Qn 


- 


12 
10 


PF 
PF 


Vpp Current 


l PP 


- 


12 


mA 


Supply Current During Standby, Measured at Ta = 0°C (VcC = 4.5 to 5.5 V, EsVm, G>V|h) 


!CC(SB) 


- 


25 


mA 



NOTES: 1 . In normal read operation, if the Vpp pin is connected to Vcc. tnen tne total 'CC current will be the sum of the total supply and the 
Vpp current. 
2. In all cases, Vcc ar| d V IHH must De applied simultaneously with or prior to Vpp, Vcc and V|hh rnust be switched off simul- 
taneously with or after Vpp. 
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READ MODE AC ELECTRICAL CHARACTERISTICS (V C c = 5.0 Vdc ±10%, Vss = Vdc, T A = to 70°C) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Access Time (From Chip Enable) 


*ELQV 


- 


250 


ns 


Access Time (From Output Enable) 


tGLQV 


- 


100 


ns 


Address Hold Time (From Chip Enable) 


tEHAZ 





- 


ns 


Address Setup Time 


tAVEL 





- 


ns 


Disable Time (From Output Enable) 


*GHQZ 





80 


ns 


Disable Time (From Chip Enable) 


tEHQZ 


10 


80 


ns 



READ MODE TIMING DIAGRAM 




NOTES: 1. Voltage levels shown are Vqi^OA V and Voh^2.4 V unless otherwise specified. 

2. Timing level measurement points are 0.8 V and 2.0 V unless otherwise specified. 

3. G may be delayed up to tELQv-tQLQV a f' er tne falling edge of E without impact on tgLQV- 



PROGRAMMING OPERATION DC ELECTRICAL CHARACTERISTICS (V C c = 5.0Vdc ±10%, V S s = Vdc, T A = 25°C 
unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Programming Voltage (Vpp Pin) 


Vpp 


20 


21 


22 


V 


Input High Voltage For Data 


V|H 


2.0 


- 


vec 


V 


Input Low Voltage 


V|L 


-0.1 


- 


0.8 


V 


Address, E, G", and W Sink Current (V iri = 5.25 V/0.4 V) 


'leak 


- 1 


- 


10 . 


nA 


Vpp Supply Current (Vpp = 21 + 1 V, W = V|h> 


!PP1 


- 


- 


10 


mA 


Vpp Programming Pulse Supply Current (Vpp = 21±1 V, W=V||_) 


I P P2 


- 


- 


10 


mA 


Vcc Supply Current 


ice 


- 


- 


115 


mA 
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PROGRAMMING OPERATION AC TIMING CHARACTERISTICS (V cc = 5.0 Vdc ±10%, V S s = 0Vdc, V PP = 21±1 V, T A = 25°C) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Vpp Rise Time 


tPLPH 


50 


- 


ns 


Vpp Fall Time 


tPHPL 


50 


- 


ns 


Vpp Setup Time 


tPHWL 


2.0 


- 


l*s 


Vpp Hold Time 


tWHPL 


2.0 


- 


flS 


Address Setup Time 


*AVWL 


2.0 


- 


/*s 


Address Hold Time 


tWHAX 


2.0 


- 


/IS 


Output Enable High to Program Pulse 


tGHWL 


2.0 


- 


ps 


Output Enable Hold Time 


tWHGL 


2.0 


- 


flS 


Chip Enable Setup Time 


tEHWL 


2.0 


- 


ftS 


Output Disable to Hi-Z Output 


tGHQX 


0.1 


100 


ns 


Data Setup Time 


tDVWL 


2.0 


- 


/*s 


Data Hold Time 


tWHDX 


2.0 


- 


us 


Program Pulse Width 


t\A/(WL)1 


1.0 


10 


ms 


Output Enable to Valid Data 


tGLDV 


- 


200 


ns 



PROGRAMMING OPERATION TIMING DIAGRAM 

-tPHPL 



Address 



DQ0-DQ7 
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ERASE OPERATION DC ELECTRICAL CHARACTERISTICS (V cc = 5.0 Vdc + 10%,Vss = Vdc, V PP = 21 ± 1 Vdc, T A = 25°C 
unless otherwise noted) : . 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current for Any Input @ V m ' 


'leak 


- 


- 


10 


jiA . 


Vcc Supply Current (Outputs Open, W= V||_) 


r CC 


- 


- 


115 


mA 


Vpp Supply Current (W=V||_) 


Ipp 


- 


5 


10. 


mA 


Input Low Level 


V|L 


-0.1 


- 


0.8 \ 


-V 


Input High Level 


V|H 


2.0 




vcc 


V 


Input Mode Select High 


V|HH 


12 


15 


19 


V 


ERASE OPERATION AC TIMING CHARACTERISTICS (V cc = 5.0 Vdc ±10%, V ss = 0Vdc, V PP = 21 + 1 Vdc, T A = 25°C) 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


V PP Rise Time 


tPLPH 


50 


- 


- 


ns 


Vpp Fall Time 


tpHPL 


50 


- 




ns 


V PP Setup Time 


tPHWL 


2.0 


- 


- 


us 


V PP Hold Time 


tWHPL 


2.0 


- 


- 


lis 


Address Delay Time 


*WHAV 


2.0 


- 


- 


lis 


Output Enable Setup Time 


'GHHWL 


2.0 


- 


- 


/IS 


Output Enable Hold Time 


%HGH 


2.0 


- 


- 


(IS 


Chip Enable Setup Time 


'EHWL 


2.0 


- 


- 


IIS 


Erase Pulse Width 


t W(WL)2 


1.0 


10 


100 


ms 


Output Enable to Invalid Data 


tGLDV 


- 


- 


200 


ns 



ERASE OPERATION TIMING DIAGRAM 

-tPHPL 




DQ0-DQ7 
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ERASE-OF-REPLACE OPERATION AC TIMING CHARACTERISTICS (V C c = 5.0 Vdc ± 10%, V ss = Vdc, V PP = 21 ± 1 Vdc, 
Ta = 25°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Vpp Rise Time 


MP) 


50 


' - 


- 


ns 


Vpp Fall Time 


MP) 


50 


- 


- 


ns 


Vpp Setup Time 


tPHWL 


2.0 . 


- 


- 


/*s 


Vpp Hold Time 


tWLPL 


2.0 


- 


- 


flS 


Output Enable Setup Time 


*GHWHH 


2.0 


- . 


- 


MS 


Output Enable Hold Time 


tWHGL 


2.0 


- 


- 


(tS 


Chip Enable Setup Time 


*EHWHH 


2.0 


- 


- 


ftS 


Chip Enable Hold Time 


tWHEL 


2.0 


- 


- 


IIS 


Erase-of-Replace Pulse Width 


tw(WHH) 


10 


- 


- 


ms 



Vpp 



■MP) 



ERASE-OF-REPLACE OPERATION TIMING DIAGRAM 

-MP) 



-tPHWL- 



J 



J 



-kSHWHH »■ 



■* tEHWHH *• 



Don't Care 



>F~R 



-tw(WHH)- 



-twLPL- 



\ 



-tWHGL- 



-tWHEL- 



\ 



• - V| H 

' - V| L 

- .V|H 

- V, L 
■'- V| H 
. - V| L 

- V|HH 

- Vih 
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REPLACE OPERATION AC TIMING CHARACTERISTICS (V cc = 5.0Vdc + 10%, V S s = Vdc, V PP = 21 + 1 Vdc, Ta = 25°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Vpp Setup Time 


tPHWL 


2.0 


- 


- 


MS . 


Address Setup Time 


tAVWL 


2.0 


- 




/iS 


Address Hold Time 


tWHAX 


. 2.0 


- 


- 


flS 


Output Enable Setup Time 


'GHWL 


2.0 


- 


- 


/IS 


Chip Enable Setup Time 


{ EHHWL 


2.0 


- 


- 


piS 


Chip Enable Hold Time 


tWHEH 


2.0 


- 


- 


. PS 


Replace Pulse Width 


tw(WL)3 


50 


100 


- 


ms 




Address 



J 

J 



>: 



-tPHWL — 
t— <AVWL- 



A8-A13 



-tGHWL- 



-tEHHWL- 



REPLACE OPERATION TIMING DIAGRAM 



\ 



■*W(WHH)- 



- l WHAX- 



X 



■tWHEL' 



\ 



/ 



X 



- Replace ■ 



X 



-Program 



+ 21 V 



- +5V 

- V| H 

- V| L 

- V, H 

- V| L 

- V|HH 

- V,h 

- V| L 



\ / " 



V|H 
V|L 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The MCM6836I )16 Combination ROM/EEPROM 
(CREEM) is a 128K bit memory device containing 2K bytes of 
EEPROM and 14K bytes of mask programmed ROM. The 
EEPROM is located in the lower 2K byte section of memory, 
at addresses $0000 to $07FF, and the mask ROM is located in 
the upper 14K byte section of memory at addresses $0800 to 
$3FFF. The MCM6836R16 contains an additional 256 bytes 
of spare memory. This redundant memory allows for the 
replacement of a 256 byte block of memory in either mask 
ROM or EEPROM. The MCM6836E16, without redundancy, 
is also available. The MCM6836( )16 is contained in a stand- 
ard 28-pin dual in-line package. 

The MCM6836I )16 incorporates several operating modes 
which make the device easy to use and test. These modes 
which are illustrated in Figure 3 include: Read, Standby, Pro- 
gram, Erase, Verify, Replace, and Erase-Of-Replace (Replace 
and Erase-Of-Replace modes are used in the MCM6836R16 
only). The pin voltages (signals) required for each mode are 
also illustrated in Figure 3 and a functional description of 
each operating mode is provided below. The read and stand- 
by modes allow the device to be used as a conventional 
ROM, the program mode allows programming of individual 
bytes in the EEPROM, and the erase mode allows the entire 
EEPROM contents to be erased to the logic high state in ap- 
proximately 10 milliseconds. 

In the MCM6836R16, the replace mode allows substitution 
of any 256-byte page in the mask ROM or EEPROM memory 
space with an erased page of EEPROM which can then be 
programmed. The substitution is performed as a single block 
of memory, and on-chip logic determines if mask ROM or 
EEPROM has been replaced. If EEPROM has been replaced, 
the redundant memory and the memory it has replaced are 
erased when the standard EEPROM is erased. If the substitu- 
tion is for mask ROM, the spare memory is erased only by 
the erase replace mode which has unique control functions. 
This allows the spare memory to contain the same 
characteristics as the normal memory for which it is 
substituted. 

OPERATING MODES 

The MCM6836E16/MCM6836R16 (CREEM) incorporates 
five common operating modes, plus two more modes for the 
MCM6836R16, which make the device easy to use and test. 
The following paragraphs provide a detailed discussion of 



each of these modes. In addition, Figure 3 provides a chart il- 
lustrating how the various pins are affected during each of 
the operating modes. 

NOTE 

It is possible to erase spare EEPROM even if it is used 
as ROM (or isn't being used) when the following er- 
roneous pin connections are made: E and G = V|HH- 
Vpp = Vpp, and W = V||_. 

Read Mode - this mode allows the MCM6836( )16 to be 
used like any conventional mask ROM. In order to read the 
device in this mode, E and G must be held low (V|i_), Vpp is 
connected to Vcc. anu a va 'id address accessed for data 
output. The W pin can be in either state (don't care). Some 
characteristics of the read mode are: 

1. Data is available 250 nanoseconds after valid addresses 
or after the falling edge of E. 

2. Data is valid 100 nanoseconds after the trailing edge of 
G provided E and stable addresses have been present 
for 150 nanoseconds or more. ■ 

3. Current is less than 100 milliamperes at 0°C. 

Standby Mode - In this mode the MCM6836( )16 is 
disabled. In order to enter this mode, E and G must be at a 
logic high level (VmL and Vpp must be connected to VqC- 
The W and address line can be at any state ("don't care") 
and the data bus will be in the high-impedance state. (Hi-Z). 
Some characteristics of the standby mode are: 

1 . Data outputs are high impedance. 

2. Current is reduced 75% to less than 25 milliamperes at 
0°C. 

Program Mode — In this mode, individual bytes (memory 
locations) in the EEPROM may be programmed in approxi- 
mately 10 milliseconds. (A memory location must be erased 
to the all ones state before it can be programmed.) In order 
to enter this mode and program the EEPROM, E must be at a 
logic low (V||_), G at a logic high (V|h), and Vpp must be 
held at +21 Vdc. A 10 millisecond negative-going pulse on 
W will then allow the input data to be programmed into the 
addresses accessed in the EEPROM. Some characteristics of 
the program mode are: 

1 . Although only zeros are programmed into the device, 
both ones and zeros can be present in the data word. 

2. Requires +21 Vdc programming voltage supply. 



FIGURE 3 - OPERATING MODES AND CONTROL VOLTAGES 





E 


G 


Vpp 


w 


Address 


Data 


Read 


■V|L 


V|L 


v C c 


X 


Valid 


D out 


Standby 


V| H 


V|H 


vcc 


X 


X 


Hi-Z 


Program 


VIL 


V| H 


Vpp 


\_/V| H 


Valid 


Din 


Erase 


V| L 


V|HH 


Vpp 


\_/V| H 


X 


Hi-Z 


Verify 


V|L 


V|L 


Vpp 


V|H 


Valid 


D out 


Replace* 


V|HH 


V|H 


Vpp 


"V/"V|H 


Valid 


Hi-Z 


Erase-of- Replace* 


V| H 


V|H 


Vpp 


J~\I\HH 


X 


Hi-Z 



# Indicates used in MCM6836R only. 

NOTE: It is possible to erase spare EPROM even if it is used as ROM (or isn't being used) when the following erroneous pin connections are 
made: land G = V|m-|. Vpp = Vpp, and W = V||_. 
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Erase Mode — This mode allows the contents of the 
EEPROM to be erased to all ones. In order to enter_this mode 
and erase the EEPROM, E must be held low (V||_), G must be 
held at V|HH- and V PP must De held_at + 21 Vdc. A 10 milli- 
second negative-going pulse on W will then erase the 
EEPROM to the all ones state. Address lines can be in any 
state and the data bus will be in the high-impedance state 
(Hi-Z). Some characteristics of the erase mode are: 

1. Bulk erase returns the entire EEPROM array to all ones. 

2. A +21 Vdc programming voltage supply is required. 

Verify Mode — In this mode the contents of the EEPROM 
can be verified as all ones after erasure and the contents of 
the data byte can be verified after programming. In order to 
enter this mode and verify EEPROM and/or data byte con- 
tents, E and G must be held at V||_, and Vpp must be held at 
+ 21 Vdc. The W line must be held high (V|h> and a valid ad- 
dress must be applied to the address lines accessing the 
EEPROM locations (to obtain data output). Some 
characteristics of the verify mode are: 

1. Allows quick verification of the data byte which was 
written during the previous cycle. 

2. Verification may be performed after each program or 
erase cycle. 

3. Verification is accomplished by performing a read cycle 
with Vpp at +21 Vdc and W held at V|H- 

Replace Mode (MCM6836R16 only) - The replace mode 
allows for substitution of any 256 byte page in the mask 
ROM or EEPROM memory with an erased page of EEPROM 
which can then be programmed. The substitution is per- 
formed as a single block of memory and on-chip logic deter- 
mines if mask ROM or EEPROM is to be replaced. If 
EEPROM is replaced, the redundant memory and the 
memory it has replaced is erased when the standard 
EEPROM is erased. If the substitution is for mask ROM, the 
spare memory can be erased only in the erase-of-replace 
mode, which has unique control functions. Thus, the spare 
memory assumes the same characteristics as the normal 
memory for which it was substituted. 

To replace a block of memory, E must be held at V|hh- G 
must be held at V|h, and Vpp must be held at +2j_Vdc. 
Then, a 100 millisecond negative-going pulse on W will 
substitute the spare memory when the beginning address of 
the section of memory to be replaced is set on address lines 
A8-A13. 

The replace operation programs special EEPROM devices 
which: (1) program replacement addresses into a spare row 
decoder, (2) determine if the address space is in mask ROM 
or EEPROM, (3) enable the spare memory, and (4) prevent 
"overprogramming" the replacement address. Data is then 
programmed into the spare memory by using the program 
mode. If this section of memory is addressed during the read 
or program mode, a signal is generated that disables all nor- 
mal row decoders. 

Some characteristics of the replace mode are: 

1. Substitutes 256 bytes of spare EEPROM for 256 bytes 
of either mask ROM or EEPROM. 

2. Performed as a single block of memory, 

3. On-chip logic determines if mask ROM or EEPROM is to 
be replaced. 

4. When in the replace mode, special EEPROM devices are 
programmed which: 



A. Program replacement addresses into a spare row 
decoder, 

B. Determine if the address space is in mask ROM or 
EEPROM, 

C. Enable the spare memory, and 

D. Prevent "overprogramming" the replacement 
address. 

Data is then programmed into spare memory using the 
program mode. 

Erase-Of-Replace Mode (MCM6836R16 only) - This 
mode is used, when spare memory (redundancy) is being 
used, to erase the replace mask ROM. To erase the spare 
memory to all ones, E and G must be held at V j |— | , and Vpp 

must be held at +21 Vdc_Then, a 10 millisecond positive- 
going (to V|hh' pulse on W will erase the spare memory to 
the all ones state. This mode also erases the programmed ad- 
dress to the redundancy EEPROM- During the erase-of- 
replace mode, the address lines can be at any state and the 
data bus is in the high-impedance state. Some character- 
istics of the erase-of-replace mode are: 

1. Returns the device to its original condition by erasing 
the replace circuitry, spare decoder, and spare memory. 

2. Needed only for a device which contains redundancy as 
a user option. 

3. False erasure of redundancy memory is unlikely due to 
unique control function (W pulse). 

NOTE 

The erase-of-replace mode need only be used if 
spare memory is being used to replace a section 
of mask ROM. This operation erases the replace- 
ment circuitry, spare decoder, and spare memory 
after which the device is returned to its original 
condition. 



FUNCTIONAL PIN DESCRIPTION 

Vpp 

This pin is used as the +21 Vdc input voltage during 
EEPROM programming and erasing operations. It is con- 
nected to Vqc < n 'the normal operating read and standby 
modes. Vpp should not, in any case, be applied before the 
device has been powered by Vcc or after Vcc has been 
removed from the device. 

WRITE (W) 

The active low state (V|(_) of this input pin is used to pro- 
gram and erase the EEPROM. It is also used as a mode select 
pin for the erase-of-replace mode when Vihh is applied to its 
input. In the normal read and standby operating modes, this 
pin is a "don't care". 

CHIP ENABLE (E) 

The active low state (V||_) of this input pin is used as a chip 
select signal for the read, program, erase, and verify 
operating modes. It is also used as a mode select input signal 
for the replace mode when V|hh is applied. It is used as a 
mode select signal for the standby and erase-of-replace 
modes when V|h is applied. 
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OUTPUT ENABLE (G) ADDRESS INPUTS (A0-A13) 

The active low state (V|i_) of this input pin is used in con- These 14 address inputs allow any of the 14K bytes of 

junction with E to enable the output buffer of this device. It is mask ROM and 2K bytes of EEPROM to be uniquely selected 

also used as a mode select signal for the erase mode when in the read mode. Addresses $0000 to $07FF are designated 

V|hh is applied. as EEPROM, and addresses $0800 to $3FFF are designated 

as the mask programmable ROM. These address inputs are 

DATA BUS (DQ0-DQ7) also used to select an address byte for programming, verify- 

These eight pins provide a bidirectional data link to the ing, and replacing, 
system bus. 
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1024-BIT RANDOM ACCESS MEMORY 



The MCM93415 is a 1024-bit Read/Write RAM organized 1024 
words by 1 bit. 

The MCM93415 is designed for buffer control storage and high 
performance main memory applications, and has a typical access 
time of 35 ns. 

The MCM93415 has full decoding on-chip, separate' data 
input and data output lines, and an active low chip select. The 
device is fully compatible with standard DTL and TTL logic 
families and features an uncommitted collector output for ease 
of memory expansion. 

• Uncommitted Collector Output 

• TTL Inputs and Output 

• Non-Inverting Data Output 

• High Speed - 

Access Time - 35 ns Typical 
Chip Select — 15 ns Typical 

• Power Dissipation Decreases with Increasing Temperature 

• Power Dissipation 0.5 mW/Bit Typical 

• Organized 1024 Words X 1 Bit 



BLOCK DIAGRAM 



Sense Amp 

and 

Write Drivers 



Word 
Drivers 



32 X 32 

Array 



1 of 32 
Decoder 




1 of 32 
Decoder 



MCM93415 



TTL 

1024 X 1 BIT 

RANDOM ACCESS MEMORY 






<F«- 



1 b i 6 1' M" I'^i' 



AO A1 A2A3A4A5 A6 A7 A8 A9 



V CC = Pin 16 
Gnd = Pin 8 



PIN ASSIGNMENT 




, .—^ .. . . 




1 cr 


CS v cc 


13 16 


2 cr: 


AO D in 


!T3 15 


3 cr 


A1 WE 


ZD 14 


4 d 


A2 A9 


ZZ3 13 


5 a 


A3 A8 


=3 12 


6CA4 A7 


=T311 


7 C= D out A6 


=310 


8 CZ Gnd A5 


=3 9 




Pin Designation 




CS Chip Select 


AO — A9 Address Inputs 


WE Write Enable 


Dj n Data Input 


D out Data Output 



8-3 




MCM93415 



FUNCTIONAL DESCRIPTION 



The MCM93415 is a fully decoded 1024-bit Random Access 
Memory organized 1024 words by one bit. Bit selection is 
achieved by means of a 1 0-bit address, AO to A9. 

The Chip Select input provides for memory array expansion. 
For large memories, the fast chip select access time permits the 
decoding of Chip Select (CS) from the address without affecting 
system performance. 

The read and write operations are controlled by the state of 
the active low Write Enable (WE, Pin 14). With WE held low and 
the chip selected, the data at D m is written into the addressed 
location. To read, WE is held high and the chip selected. Data in 
the specified -location is presented at D out and is non-inverted. 

Uncommitted collector outputs are provided to allow wired- 
OR applications. In any application an external pull-up resistor of 
R|_ value must be used to provide a high at the output when it is 
off. Any R|_ value within the range specified below may be used. 



Vcc(Min) 



■ FO(1.6) 



< R(_« 



V cc ( Min)-VQH 
n~(l CEX 7+ FOI0.04) 



'Of 
R|_ is in kn 

n = number of wired-OR outputs tied together 
FO = number of TTL Unit Loads (UL) driven 
ICEX = Memory Output Leakage Current 
Vqh = Required Output High Level at Output Node 
'OL = Output Low Current 

The minimum R|_ value is limited by output current sinking 
ability. The maximum R[_ value is determined by the output and 
input leakage current which must be supplied to hold the output 
at Vqh- One Unit Load = 40 /jA High/1 .6 mA Low. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 


Storage Temperature 

Ceramic Package (D and F Suffix) 
Plastic Package (P Suffix) 




-55°C to +165°C 
-55°C to +125°C 


Operating Junction Temperature, Tj 
Ceramic Package (D and F Suffix) 
Plastic Package (P Suffix) 




<165°C 
<125°C 


Vq c Pin Potential to Ground Pin 




-0.5 V to +7.0 V 


Input Voltage (dc) 




-0.5 V to +5.5 V 


Voltage Applied to Outputs (Output H 


gh) 


-0.5 V to +5.5 V 


Output Current (dc) (Output Low) 




+ 20 mA 


Input Current (dc) 




-12 mA to +5.0 mA 



TRUTH TABLE 



Inputs 


Output 


Mode 


CS 


WE" 


Din 


Open 
Collector 


H 


X 


X 


H 


Not Selected 


L 


L 


L 


H 


Write "0" 


L 


L 


H 


H 


Write "1" 


L 


H 


X 


D out 


Read 



H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care (High. or Low) 



NOTE 1: Device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 



GUARANTEED OPERATING RANGES (Note 2) 



Part Number 


Supply Voltage (Vqc) 


Ambient Temperature (Jfij 


Min 


Norn 


Max 


MCM93415DC, PC 


4.75 V 


5.0 V 


5.25 V 


0°Cto+75°C 


MCM93415FM, DM 


4.50 V 


5.0 V 


5.50 V 


-55°Cto+125°C 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



Symbol 


Characteristic 


Limits 


Unit 






Min 


Max 


Conditions 


vol 


Output Low Voltage 




0.45 


Vdc 


V CC = Min - 'OL = 1d " mA 


V| H 


Input High Voltage 


2.1 




Vdc 


Guaranteed Input High Voltage for All Inputs 


VlL 


Input Low Voltage 




0.8 


Vdc 


Guaranteed Input Low Voltage for All Inputs 


l|L 


Input Low Current 




-400 


MAdc 


V cc = Max, V in = 0.4 V 


l|H 


Input High Current 




40 


/uAdc 


V cc = Max, V in = 4.5 V 




1.0 


mAdc 


V CC = Max, Vj n = 5.25 V 


'CEX 


Ou\put Leakage Current 




100 


MAdc 


V CC = Max, V out = 4.5 V 


VCD 


Input Diode Clamp Voltage 




-1.5 


Vdc 


Vcc = Max, I i n = - 1 mA 


'CC 


Power Supply Current 




130 


mAdc 


T/\ = Max 


Vcc - Max - 

All Inputs Grounded 




155 


mAdc 


T A = 0°C 




170 


mAdc 


T/\ = Min 
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MCM93415 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted) 



AC TEST LOAD AND WAVEFORM 



Loading Condition 



Input Pulses 




30 pF 
Capacitance 

'Including 
Scope and Jig) 




Gnd - _H U-10 ns 



Symbol 


Characteristic (Notes 2, 3) 


MCM93415DC.PC 


MCM93415DM.FM 


Unit 


Conditions 


Min 


Max 


Min 


Max 


READ MODE 
'ACS 
l RCS 

•aa 


DELAY TIMES 

Chip Select Time 

Chip Select Recovery Time 

Address Access Time 




35 
35 
45 




45 
50 
60 


ns 


See Test Circuit 
and Waveforms 


WRITE MODE 
l WS 
%R 

t W 
'WSD 

'WHD 
'WSA 

'WHA 

'wscs 

tWHCS 


DELAY TIMES 
Write Disable Time 
Write Recovery Time 




35 
40 




45 
50 


ns 


See Test Circuit 
and Waveforms 


INPUTTIMING REQUIREMENTS 
Write Pulse Width (to guarantee write! 
Data Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time (at t w - Mini 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 


30 

5 

5 

10 
10 

5 

5 




40 

5 

5 

15 
10 

5 

5 




ns 


See Test Circuit 
and Waveforms 



NOTE 2: DC and AC specification 
if extended temperature 
NOTE 3: The AC limits ar 



ts guaranteed ' 
tu re or modified operat 
aranteed to be the wors 



ith 500 linear feet per rr 
g conditions are desired 
case bit in the memory. 



Contact your Motorola Sales Representa 



READ OPERATION TIMING DIAGRAM 



Propagation Delay from Chip Select 



Propagation Delay from Address Inputs 



A0-A9 
Address Inp 



^!A 



D out 

Data Output 



(All Time Measurements Referenced to 1 .5 V) 



X 
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MCM93415 




WRITE CYCLE TIMING 



A0-A9 
Address Input 



WE. 

Write Enable 



X 



X 



X 



ItWSD-H— 
I"*— l WSA- 

-twscs 



I 



X 



X 



-t w H 



I I 

I I 

tws— H -\ 

(All Time Measurements Referenced to 1.5 V) 



tWHDl 

WHCS" 



Package 


°JA (Junction to Ambient) 


" JC (Junction to Case) 


Blown 


Still 


D Suffix 
F Suffix 
P Suffix 


50°C/W 
55°C/W 
65°C/W 


85°C/W 
90°C/W 
100°C/W 


15°C/W 
15°C/W 
25°C/W 
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MOTOROLA 



MCM93422 
MCM93L422 



1024-BIT RANDOM ACCESS MEMORY 

The MCM93422/MCM93L422 are 1024-bit Read/Write RAMs, 
organized 256 words by 4 bits, designed for high performance main 
memory and control storage applications. 

They have full decoding on-chip, separate data input and data 
output lines, an active low-output enable, write enable, and two chip 
selects, one active high, one active low. These memories are fully 
compatible with standard TTL logic families. A three-state output is 
provided to drive bus-organized systems and/or highly capacitive 
loads. 

• Three-State Outputs 

• TTL Inputs and Outputs 

• Non-Inverting Data Outputs 

• High Speed — 

Access Time — 30 ns Typical 
Chip Select — 1 5 ns Typical 

• Power Dissipation — 0.26 mW/Bit Typical 

• Standard 22-Pin, 400 Mil Wide Package 

• Power Dissipation Decreases with Increasing Temperature 

• Organized 256 Words * 4 Bits 

• Two Chip Select Lines for Memory Expansion 



TTL 

256 x 4-BIT 

RANDOM ACCESS MEMORY 

MCM93422 - THREE-STATE 
MCM93L422 - THREE-STATE 




01 02 0304 
I10I12I14I16 



BLOCK DIAGRAM 



Sense Amp 

and 
Write Drivers 



Word 
Drivers 




32 " 32 

Array 



1 of 32 
Decoder 



<^ 



V C c= Pi" 22 
Gnd = Pin 8 



1-of-8 
Decoder 



, 3 <J 4 A 5 o 6 o 7 I 21 ! 1 A 2 

A3 A4 A5 A6 A7 AO A1 A2 




PIN ASSIGNMENT 


1 = 


A1 V CC 


3D 22 


2C3 


A2 AO 


=3 21 


3t= 


A3. WE 


p=3 20 


. 4C 


A4 CSl 


=> 19 


5CZ 


A5 OE 


=3 18 


6CZ 


A6 CS2 


33 17 


7C3 


A7 04 


33 16 


8C3 


Gnd D4 


33 15 


9cd 


D1 03 


33 14 


10 c=z 


01 D3 


3313 


11 <=z 


D2 02 


312, 




Pin Description 




CSl, CS2 Chip Selects 


A0-A7 Address Inputs 


0"E Output Enable 


WE Write Enable 


D1-D4 Data Inputs 


01-04 Data Outputs 
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MCM93422/MCM93L422 



FUNCTIONAL DESCRIPTION 



The MCM93422/MCM93L422 are fully decoded 
1 024-bit random access memories organized 256 words 
by 4 bits. Word selections are achieved by means of an 
8-bit address, A0-A7. 

The Chip Select (CS1 and CS2) inputs provide for mem- 
ory array expansion. For large memories, the fast chip 
select time permits the decoding of chip select from the 
address without increasing address access time. 

The read and write operations are con trolled by the 
stat e of the active low Write Enable (WE, Pin 20). With 
WE and CS1 held low and the CS2 held high, the data at 
D n is written into the addressed location. To read, WE 
and CS2 are held high and CS1 is held low. Data in the 
specified location is presented at the output (01 -04) and 
is non-inverted. 

The three-state outputs of the MCM93422/ 
MCM93L422 provide drive capability for higher speeds 
with capacitive load systems. The third state (high imped- 
ance) allows bus-organized systems where multiple out- 
puts are connected to a common bus. 

During writing, the output is held in a high-impedance 
state. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 


Storage Temperature 
Ceramic Package (D Suffix) 
Plastic Package (P Suffix) 


-65°Cto+150°C 
-55°Cto+125°C 


Operating Junction Temperature, Tj. 
Ceramic Package (D Suffix) 
Plastic Package (P Suffix) 


<165°C 
<125°C 


Vcc Pln p °t er| tial to Ground Pin 


-0.5 V to +7.0 V 


Input Voltage (dc) 


-0.5 V to +5.5 V 


Voltage Applied to Outputs (Output High) 


-0.5 V to +5.5 V 


Output Current (dc) (Output Low) 


+20 mA 


Input Current (dc) 


-12 mAto+5.0mA 



NOTE 1: Device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. 



GUARANTEED OPERATING RANGES 



Part Number 


Supply Voltage (V C c) 


Ambient Temperature (T^) 


Min 


IMom 


Max 


MCM93422DC, PC 
MCM93L422DC, PC 


4.75 V 


5.0 V 


5.25 V 


O c Cto+75°C 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range) 



Symbol 






Limits 


Units 








Min 


Max 




vol 


Output Low Voltage 


- 


0.45 


Vdc 


VCC = ' v ' in ' 'OL = 8.0 mA 


V|H 


Input High Voltage 


2.1 


- 


Vdc 


Guaranteed Input High Voltage for all Inputs 


V|L 


Input Low Voltage 


- 


0.8 


Vdc 


Guaranteed Input Low Voltage for all Inputs 


l|L 


Input Low Current 


- 


-300 


juAdc 


Vcc= Max, V in = 0.4 V 


hH 


Input High Current 


— 


40 
1.0 


fxAdc 
mAdc 


Vqc= Max, V in = 4.5 V 
Vcc= Max, V in = 5.25 V 


'off 


Output Current (High Z) 




50 
-50 


/iAdc 


V CC = Max, V out = 2.4 V 
V CC = Max, V out = 0.5 V 


'OS 


Output Current Short Circuit to Ground 


- 


-70 


mAdc 


Vcc = Max (Note 2) 


VOH 


Output High Voltage 


2.4 


- 


Vdc 


Vcc = Min ' 'oh = ~ 5 - 2 mA 


V|K 


Input Diode Clamp Voltage 


- 


-1.5 


Vdc 


VCC" Max, l in = -10mA 


! CC 


Power Supply Current 


MCM93422 


— 


130 


mAdc 


T/\ = Max 


VCC = Max, 

All Inputs Grounded 


— 


155 


mAdc 


T/\= Min 


MCM93L422 


— 


75 


mAdc 


Ta = Max 


— 


80 


mAdc 


Ta = Min 
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MCM93422/MCM93L422 



TRUTH TABLE 



Inputs 


Output 


Mode 


OE 


C31 


CS2 


WE 


D1-D4 


01-04 


X 


H 


X 


X 


X 


High Z 


Not Selected 


X 


X 


L 


X 


X 


HighZ 


Not Selected 


X 


L 


H 


L 


L 


HighZ 


Write "0" 


X 


L 


H 


L 


H 


HighZ 


Write "1" 


H 


X 


X 


X 


X 


High Z 


Output Disabled 


L 


L 


H 


H 


X 


01-04 


Read 




H = High Voltage Level 
L= Low Voltage Level 
X = Don't Care (High or Low) 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range) 
AC TEST LOAD AND WAVEFORMS 



Loading Conditions 




950 ?p 30 pF 



(Capacitance 
Load A Includes Load B 

Scope and Test Fixture) 



Input Pulses 

All Input Pulses 

■ 3.5V p . p / \ 

_4_/"i r V 10% 

_L l ! I i 

— — •>» h«-10ns — "1 f»— 10ns 

3 5V p . p |\ /, 

- >- \ / " - 90% 

-»i h«— 10 ns -^ V*— 10 ns 



Symbol 


Characteristic (Notes 2, 3, 4, 5) 


MCM93422DCPC 


MCM93L422DC.PC 


Units 


Conditions 


Min 


Max 


Min 


Max 


READ MODE 

«ACS 

*ZRCS 

»AOS 

T ZROS 

*AA 


DELAY TIMES 
Chip Select Time 
Chip Select to High Z 
Output Enable Time 
Output Enable to High Z 
Address Access Time 


— 


30 
30 
30 
30 
45 


_ 


35 
35 
35 
35 
60 


ns 


See Test Circuit 
and Waveforms 


WRITE MODE 

tzws 

tWR 

tw 

tWSD 

l WHD 

'WSA 

tWHA 

tWSCS 

tWHCS 


DELAY TIMES 

Write Disable to High Z 

Write Recovery Time 


- 


35 
40 


.- 


40 
45 


ns 


See Test Circuit 
and Waveform 


INPUT TIMING REQUIREMENTS 
Write Pulse Width (to guarantee write) 
Date Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time (at tw = Min) 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 


30 
5.0 
5.0 
TO 
5.0 
5.0 
5.0 


- 


45 
5.0 
5.0 
10 
5.0 
5.0 
5.0 


- 


ns 


See Test Circuit 
and Waveforms 



NOTE 2 
3 
4 



Output short circuit conditions must not exceed 1 second duration. 

The maximum address access time is guaranteed to be the worst-case bit in the memory 

Load A used to measure transitions between logic levels and from High Z state to logic Low state. 

Load B used to measure transitions between High Z state to logic High state. 

Load C used to measure transitions from either logic High or Low state to High Z state. 

All time measurements are referenced to +1 .5 Vdc except transitions into the High Z state where outputs are referenced to a 

delta of 0.5 Vdc from the logic level using Load C. 
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MCM93422/MCM93L422 



READ OPERATION TIMING DIAGRAM 
(All Time Measurements Referenced to 1 ,5 V) 



Propagation Delay from Chip Select 



f 



CS1 

Chip Select 



V 



01-04 — 

Data Output Hi 9hZ 
3-State LoadA , ACS 

Data Output HighZ 

Load B 



\ 



J 



Propagation Delay from Address Inputs 



A0-A7 
Address Inputs 



01-04 
Data Output 



X- 



X 



tAA H 



Propagation Delay from Output Enable 



OE 
Output Enable 



\ 



01-04 

Data Output HighZ 

3. State i;° a l A 
01-04 



'AOS 



Data Output HighZ 
Load B 












WRITE CYCLE TIMING 










cs 

Chip Select 


^ 


k 




) 


/ 


AO— A7 
Address 


) 


L * 


I 


















D1-D4 
Data Input 




^ 


i > 


{ 
























WE 

Write Enable 








\ 


r 










tw 


SD— -i 
>*-tWSA-» 
i/VSCS •• 




U— tWHD 
*-tWHA"»- 










'WHOb - 




01-04 
Data Output 


Load A 


HighZ 


tWF 








Load B Hign 2 
(All above measurements reference to 1 .5 


J 

V.) 
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MCM93422/MCM93L422 




WRITE ENABLETO HIGH Z DELAY 



Data 
Output 



>450n ?^30pF 



WE 

Write Enable 



01-04 tZWS— H fc- 

Data O utput -Q" Level' ^ r__ ogv HighZ 

"1" Level 

01-04 3— o.5V u . h7 

Data Output P\ Hignz: 



Propagation Delay from Chip Select to High Z 

\l.5V 



CS2 

Chip Select 



CS1 

Chip Select 



/777 



01-04 

Data Output "0" Level 



tZRCS 



01-04 

Data Output 



0.5 V 
0.5 V 



HighZ 
High Z 



Propagation Delay from Output Enable to High Z 



OE 

Output Enable 






5 V 
tZROS 



Data Outp ut "0" Level . -/ — HighZ 



01-04 — -\ — 0.5 V 

Data Output \ Hl 9 h Z 



(All tzxxx parameters are measured at a delta of 0.5 V from the logic level and using Load C] 



Package 


0jA (Junction to Ambient) 


djC (Junction to Case) 


Blown* 


Still 


D Suffix 


50°C/W 


85°C/W 


15°C/W 


P Suffix 


50°C/W 


85°C/W 


15°C/W 



*500 linear ft. per minute blown air 
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MOTOROLA 



1024-BIT RANDOM ACCESS MEMORY 

The MCM93425 is a 1024-bit Read/Write RAM, organized 1024 
words by 1 bit. 

The MCM93425 is designed for high performance main memory 
and control storage applications and has a typical address time of 
35 ns. 

The MCM93425 has full decoding on-chip, separate data input 
and data output lines, and an active low-chip select and write enable. 
The device is fully compatible with standard DTL and TTL logic 
families. A three-state output is provided to drive bus-organized 
systems and/or highly capacitive loads. 

• Three-State Output 

• TTL Inputs and Output 

• Non-Inverting Data Output 

• High Speed - 

Access Time — 35 ns Typical 
Chip Select — 1 5 ns Typical 

• Power Dissipation — 0.5 mW/Bit Typical 

• Power Dissipation Decreases With Increasing Temperature 



BLOCK DIAGRAM 



Write Drivers 



Word 
Drivers 



32 X 32 

Array 



1 of 32 
Decoder 



1 of 32 
Decoder 




F I 3 1 4 <R 6 f 9 1 1 °M 1 2~1 1: 

AO A1 A2 A3 A4 A5 A6 A7 A8 A9 



V CC = Pin 16 
Gnd = Pin 8 



MCM93425 



TTL 

1024 X 1 BIT 

RANDOM ACCESS MEMORY 



PIN ASSIGNMENT 



rr= 


- — - -v 
cs 


J — 

v C c 




AO 


Din 


cz 


A1 


WE 


m 


A2 


A9 


cz 


A3 


A8 


rr: 


A4 


A7 


m 


Dout 


A6 




Gnd 


A5 



A0-A9 
WE 



Pin Description 

Chip Select 

Address Inputs 

Write Enable 

Data Input 

Data Output 



NOTE: Logic driving sense amp/write drivers depicts 
negative-only write used on C4m. 
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MCM93425 



FUNCTIONAL DESCRIPTION 




The MCM93425 is a fully decoded 1024-bit Random Access 
Memory organized 1024 words by one bit. Word selection is 
achieved by means of a 10-bit address, A0-A9. 

The Chip Select (CS) input provides for memory array expan- 
sion. For large memories, the fast chip select time permits the 
decoding of chip select from the address without increasing 
address access time. 

The read and write operations are controlled by the state of 
the active low Write Enable (WE, Pin 14). With WE and CS held 



low, the data at Di n is written into the addressed location. To 
read, WE is held high and CS held low. Data in the specified 
location is presented at D out and is non-inverted. 

The three-state output provides drive capability for higher 
speeds with capacitive load systems. The third state (high 
impedance) allows bus organized systems where multiple outputs 
are connected to a common bus. 

During writing, the output is held in the high-impedance state. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 



TRUTH TABLE 



Storage Temperature 

Ceramic Package (D and F Suffix) 
Plastic Package (P Suffix) 




-55°C to +165°C 
-55°Cto +125°C 


Operating Junction Temperature, Tj 
Ceramic Package (D and F Suffix) 
Plastic Package (P Suffix) 




<-165°C 
< 1 25°C 


V CC Pin Potential to Ground Pin 




-0.5 V to +7.0 V 


Input Voltage (dc) 




-0.5 V to +5.5 V 


Voltage Applied to Outputs (Output H 


gh) 


-0.5 V to +5.5 V 


Output Current (dc) (Output Low) 




+ 20 mA 


Input Current (dc) 




-12 mA to +5.0 mA 



Inputs 


Output 


Mode 


CS 


WE 


°in 


Dout 


H 


X 


X 


High Z 


Not Selected 


L 


L 


L 


HighZ 


Write "0" 


L 


L 


H 


High Z 


Write "1" 


L 


H 


X 


D out 


Read 



H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care (High or Low) 



NOTE 1 : Device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 



GUARANTEED OPERATING RANGES (Notes 2 and 3) 



Part Number 


Supply Voltage (Vcc) 


Ambient Temperature (T A ) 


Min 


Nom 


Max 


MCM93425DC, PC 


4.75 V 


5.0 V 


5.25 V 


0°C to+75°C 


MCM93425FM, DM 


4.50 V 


5.0 V 


5.50 V 


-55°Cto + 125°C 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 



Symbol 






Limits 


Units 






Characteristic 


Min 


Max 


Conditions 


vol 


Output Low Voltage 




0.45 


Vdc 


V CC = Min ' 'OL = 16 mA 


V|H 


Input High Voltage 


2.1 




Vdc 


Guaranteed Input High Voltage for all Inputs 


V|L 


Input Low Voltage 




0.8 


Vdc 


Guaranteed Input Low Voltage for all Inputs 


ML 


Input Low Current 




-400 


AiAdc 


V cc = Max, V in =0.4 V 


. 'IH 


Input High Current 




40 


MAdc 


V cc = Max, V in =4.5 V 




1.0 


mAdc 


V cc = Max, V; n = 5.25 V 


■off 


Output Current (High Z) 




50 


/jAdc 


V CC = Max, V out = 2.4 V 




-50 


V cc = Max, V out = 0.5 V 


>os 


Output Current Short Circuit to Ground 




-100 


mAdc 


Vcc = Max 


VOH 


Output High Voltage 


MCM93425DC, PC 


2.4 




Vdc 


l H = -10.3 mA, V CC = 5.0 V ±5% 


MCM93425FM, DM 


2.4 




Vdc 


IqH = ~5.2 mA 


V C D 


Input Diode Clamp Voltage 




-1.5 


Vdc 


V cc = Max, l in = -10 mA 


!CC 


Power Supply Current 




130 


mAdc 


T A = Max 


Vcc = Max . 

All Inputs Grounded 




155 


mAdc 


T A - 0°C 








170 


mAdc 


T A = Min 
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MCM93425 




AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted) 

AC TEST LOAD AND WAVEFORMS 



Loading Conditions 



Input Pulses 




All Input Pulses 
3-SVp-p/l 



3\ 



i r 
-^ i i 



■ 90% 
-10% 



Symbol 


Characteristic (Notes 2, 4) 


MCM93425DC, PC 


MCM93425DM, FM 


Units 


Conditions 


Min 


Max 


Min 


Max 


READ MODE 

'ACS 

'ZRCS 

'AA 


DELAY TIMES 
Chip Select Time 
Chip Select to High 2 
Address Access Time 




35 
35 
45 




45 
50 
60 


ns 


See Test Circuit 
and Waveforms 


WRITE MODE 

tews 

t w 

'WSD 

'WHD 

'WSA 

'WHA 

'WSCS 

'WHCS 


DELAY TIMES 

Write Disable to High Z 

Write Recovery Time 




35 
40 




45 
50 


ns 


See Test Circuit 
and Waveforms 


INPUTTIMING REQUIREMENTS 
Write Pulse Width (to guarantee write! 
Data Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time (at tw - Min) 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 


30 

5 

5 

10 
10 

5 

5 




40 
5 
■5 
15 
10 
5 
5 




ns 


See Test Circuit 
and Waveforms 



NOTE 2: DC and AC specifications limits guaranteed with 500 linear feet per minute, blown air. Contact your Motorola Sales Representative 

if extended temperature or modified operating conditions, are desired. 
NOTE 3: Output short circuit conditions must not exceed 1 second duration. 
NOTE 4: The maximum address access time is guaranteed to be the worst case bit in the memory. 



READ OPERATION TIMING DIAGRAM 
Propagation Delay from Chip Select Propagation Delay from Address Inut 



CS 


.* 


Chip Select 




Dout 


HighZ 


Load A 

D out 
Load B 


'ACS — *" 
HighZ 






A0- A9 
Address Inputs 



X 



X 



(All time measurements referenced to 1.5 V) 



8-14 



MCM93425 



A0-A9 
Address 



D in 

Data Input 



WE 

Write Enable 



WRITE CYCLE TIMING 



X 



X 



x x 



T WSD- 

*■•— tWSA" 
tWSCS 



\_^ 



Load A H '9 n 2 



-tWHD 

-'WHA-H 



J 



High Z 
(All above measurements reference to 1.5 V) 




/ 



WRITE ENABLE TO HIGH Z DELAY 

5 V 

_ WE 

| Write Enable 



>75o n 



V 5v f 



MCM93425 



D ZWS ~~ 

u out 

Data Output "o" Level 



0.5 V 
0.5 V 



Propagation Delay from Chip Select to High Z 



Jf 



1.5 V 
tZRCS 



Data Output "0" Level 



Data Output 



0.5 V 
0.5 V 



(All tzxx X parameters are measured at a delta of 0.5 V from the logic level and using Load C) 



Package 


" JA (Junction to Ambient) 


6 jc (Junction to Case) 


Blown 


Still 


D Suffix 


50°C/W 
55°C/W 
65°C/W 


85°C/W 
90°C/W 
100°C/W 


1 5°C/W 
15°C/W 
25°C/W 


F Suffix 


P Suffix 



8-15 




8-16 



TTL PROMs 




;^:'":^v| 




■ j \(5>i)" ..WK <*>'-^ 
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2048-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7621 and MCM7621 A, together with various other 76xx 
series TTL PROMS, have common dc electrical characteristics and 
identical programming requirements. They are fully decoded, high- 
speed, field-programmable ROMs and are available with three-state 
outputs. All bits are manufactured storing a logical "1" (outputs 
high), and can be selectively programmed for logical "0" (outputs 
low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time. 

All pinouts are compatible to industry-standard PROMsand 
ROMs. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guaran- 
tee parametric and ac performance. Fuses in these test rows and 
columns are blown prior to shipment. 

• Common dc Electrical Characteristics and Programming 

Procedure 

• Simple, High-Speed Programming Procedure 

(1 .0 Second per 1024 Bits, Typical) 

• Expandable — Three-State Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL-Compatible 

Low Input Current — 250 ^A Logic "0", 40 /uA Logic "1 " 
Full Output Drive — 1 6 mA Sink, 2.0 mA Source 

• Fast Access Time— Guaranteed for Worst-Case N2 Sequencing, 

Over Commercial Temperature and Voltage Ranges 

• Pin-Compatible with Industry-Standard PROMs and ROMs 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


v C c 


+7.0 


Vdc 


Input Voltage 


Vn 


+5.5 


Vdc 


Operating Output Voltage 


VOH 


+7.0 


Vdc 


Supply Current 


•cc 


650 


mAdc 


Input Current 


■in 


-20 


mAdc 


Output Sink Current 


lo 


100 


mAdc 


Operating Temperature Range 
MCM7621xxx 


TA 


to +75 


°c 


Storage Temperature Range 


T stg 


-55 to +150 


°c 


Maximum Junction Temperature 


Tj 


+175 


°c 


NOTE: 
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. (While programming, follow the programming specifications.) 



MCM7621 
MCM7621A 



TTL 

2048-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM7621 ,A - 51 2 x 4 THREE-STATE 




PIN ASSIGNMENT 



MCM7621 DC/ADC 
MCM7621 PC/APC 



^., .... ., 


A6 


v C c 


A5 


A7 


A4 


A8. 


A3 


CS 


AO 


Ol 


A1 


02 


A2 


03 


Gnd 


04 
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GUARANTEED OPERATING RANGE (T A = 0°C to +75°C) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


v cc 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


- 


Vdc 


Input Low Voltage 


V|L 


- 


- 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Output 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


l|H 
IlL 


Address/Enable "1 " 
Input Current "0" 


v lH = v CC M ax 
V| L = 0.45 V 


— 


-0.1 


40 
-0.25 


,uAdc 
mAdc 


VOH 

vol 


Output Voltage "1" 
"0" 


'OH = -2-0 mA ' V CC Min 
Iql = + 1 6 mA, Vfjc Min 


24 


3.4 
0.35 


0^45 


Vdc 
Vdc 


'OHE 
'OLE 


Output Disabled "1" 
Current "0" 


VoH = +525 V, V C c Max 
Vol =+03 V, V cc Max 


— 


— 


40 
-40 


MAdc 
,uAdc 


V|K 


Input Clamp Voltage 


l in = -18 mA 


- 


- 


-1.2 


Vdc 


'OS 


Output Short Circuit Current 


V CC Max, V out = 0.0 V 

One Output Only for 1 .0 s Max 


-15 


— ' ; 


-70 


mAdc 


'cc 


Power Supply Current 


VcC Max 

All Inputs Grounded 


— 


60 


100 


mAdc 



CAPACITANCE (f= 1.0 MHz, T A = 25°C, periodically sampled rather than 100% tested 



Characteristic 


Symbol 


Typ 


Unit 


Input Capacitance 


Cin 


8.0 


pF 


Output Capacitance 


'-out 


10 


pF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature) 







MCM7621 


MCM7621A 






to +75°C 


to +75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


l AA 


45 


70 


45 


60 


ns 


Chip Enable Access Time 


tEA 


15 


25 


15 


25 


ns 



NOTE: AC limits guaranteed for worst case N^ sequential with maximum test frequency of 5,0 MHz. 



I 


TIMING DIAGRAM 








AC TEST LOAD 

v cc 

J 


-. « w 


1.5v\ 
tEA— -, t— 


i 1 .5 V 

>t -,-' 0.0 V 

-^ r— ^ea 

t r , t f < 5.0 ns 


> 300 


Address 1.5 V^|^ 


0.0 V 


t AA — | u- 


30 pF* ; 


~ £600 


Output 15V ^ 


"0" Outpu 


t 1.5 V^ 
















"Includes Scope and 1 
Fixture Capacitance 


es, 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs Logical 
"1 " (Output High). Any desired bit/output can be programmed 
to a Logical "0" (Output Low) by following the simple procedure 
shown below. One may build his own programmer to satisfy the 
specifications described in Table 1, or buy any of the commer- 
cially available programmers which meet these specifications. 
These PROMs can be programmed automatically or by the man- 
ual procedure shown below. 

PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the selected 
word to be programmed. Address inputs are TTL-compa- 
tible. An open circuit should not be used to address the 
PROM. 

2. Disable the chip by applying input high (Vm) to the CS 
input. CS input must remain at V|h for programming. The 
chip select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an Output 
Voltage Disable of less than Vopd t0 the output of the 
PROM. The output may be left open to achieve the disable. 

4. Raise Vqq to Vpn with rise time equal to t r . 

5. After a delay equal to or greater than td, apply a pulse with 
amplitude of Vqpe ar >d duration of t p to the output selected 

TABLE 1 - PROGRAMMING 



for programming. Note that the PROM is supplied with 
fuses intact generating an output high. Programming a 
fuse will cause the output to go low in the verify mode. 

6. Other bits in the same word may be programmed while the 
V(X ' n P ut ls raised to Vph by applying output enable pulses 
to each output which is to be programmed. The output 
enable pulses must be separated by a minimum interval 
oft d . 

7. Lower Vqq to 4.5 Volts following a delay of tj from the last 
programming enable pulse applied to an output. 

8. Enable the J^ROM for verification by applying a logic "0" 
(V| L )tothe CS input. 

9. If any bit does not verify as programmed, repeat Steps 2 
through 8 until the bit has received a total of 1.0 ms of pro- 
gramming time. Bits which do not program within 1 .0 ms 
may be considered programming rejects. Multiple pulse of 
durations shorter than 1.0 ms may be used to enhance 
programming speed. 

10. Repeat Steps 1 through 9 for all other bits to be pro- 
grammed in the PROM. 

11. Programming rejects returned to thefactory must be 
accompanied by data giving address with desired and 
actual output data of a location in which a programming 
failure has occured. 

SPECIFICATIONS 




Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


V|H 
V| L 


Address Input 
Voltage (1) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


VPH 
VPL 


Programming/ Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 

4.5 


12.25 
5.5 


V 
V 


'CCP 


Programming Voltage Current Limit 
with Vpn Applied 


600 


600 


650 


mA 


tr 
»f 


Voltage Rise and 
Fall Time 


1.0 
1.0 


1.0 
1.0 


10 
10 


MS 
M S 


td 


Programming Delay 


10 


10 


100 


MS 


tp 


Programming Pulse Width 


100 


— 


1000 


MS 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


VOPE 
VOPD 


Output Voltage 
Enable 
Disable (2) 


10.0 
4.5 


10.5 
5.0 


11.0 
5.5 


V 
V 


'OPE 


Output Voltage Enable Current 


2.0 


4.0 


10 


mA 


t A 


Ambient Temperature 


- 


25 


75 


°C 



(1 ) Address and chip select should not be left open for V|^ 

(2) Disable condition will be.met with output open circuit. 



FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 



VPL 
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MCM7621/21A BLOCK DIAGRAM 




(14). 



(15) 



A6 O 



, 5 

Column 
Address 

Buffers 



1 of 32 
Column 
Decode 



(4) 








A3 O 




*■ 




(7) 


4 
Row 




1 of 16 


A2 O — 


Address 




Row 


(6) 


Buffers 




Decode 


A1 O-^- 








(5) 








AO O — 









(13) 



Chip 
Select 
Buffer 



32 
-f— 



2048 -Bit 

Memory Array 

(32 x 64) 



16 



/ 64 

11 



64 Transmission Gates 



1 of 16 
Decode 



1 of 16 
Decode 



V cc = Pin 16 
Gnd = Pin 8 



1 of 16 
Decode 



1 of 16 
Decode 



Output Buffers 



~¥ 2) i (ii) i (io) A 

01 02 03 04 



(9) 
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4096-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7641 and MCM7641 A, together with various other 76xx 
series TTL PROMS, comprise a complete and compatible family 
having common dc electrical characteristics and identical pro- 
gramming requirements. They are fully decoded, high-speed, field- 
programmable ROMs and are available in commonly used organiza- 
tions, with three-state outputs. All bits are manufactured storing a 
logical "1 " (outputs high), and can be selectively programmed for 
logical "0" (outputs low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time. 

All pinouts are compatible to industry -standardPROMs and 
ROMs. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guaran- 
tee parametric and ac performance. Fuses in these test rows and 
columns are blown prior to shipment. 

• Common dc Electrical Characteristics and Programming 

Procedure 

• Simple, High-Speed Programming Procedure 

(1 .0 Second per 1024 Bits, Typical) 

• Expandable — Three-State Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL-Compatible 

Low Input Current — 250 /xA Logic "0", 40 /uA Logic "1 " 
Full Output Drive — 1 6 mA Sink, 2.0 mA Source 

• Fast Access Time — G uaranteed for Worst-Case l\|2 Sequencing, 

Over Commercial Temperature and Voltage Ranges 

• Pin-Compatible with Industry-Standard PROMs and ROMs 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


vcc 


+7.0 


Vdc 


Input Voltage 


Vin 


+5.5 


Vdc 


Operating Output Voltage 


VOH 


+7.0 


Vdc 


Supply Current 


'cc 


650 


mAdc 


Input Current 


•in 


-20 


mAdc 


Output Sink Current 


"o 


100 


mAdc 


Operating Temperature Range 
MCM7641xxx 


TA 


0to+75 


c c 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Maximum Junction Temperature 


Tj 


+ 175 


°C 


NOTE: 
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. (While programming, follow the programming specifications.) 



M CM 7641 
MCM7641A 



TTL 

4096-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM7641 ,A - 512 x 8 THREE-STATE 



PIN ASSIGNMENT 



MCM7641 DC/ADC 
MCM7641PC/APC 



o 

A7 


v C c 


A6 


A8 


A5 


NC* 


A4 


csT 


A3 


CS2 


~A2 


CS3 


A1 


CS4 


AO 


08 


01 


07 


02 


06 


03 


05 


Gnd 


04 



* No Connection 
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GUARANTEED OPERATING RANGE (T A = 0°C to +75°C) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


- 


Vdc 


Input Low Voltage 


V| L 


- 


- 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Output 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


<IH 
IlL 


Address/Enable "1 " 
Input Current "0" 


VlH^VccMa" 
V|L=0.45 V 


_ 


-0.1 


40 
-0.25 


MAdc 
mAdc 


V H 

vol 


Output Voltage "1" 
"0" 


'OH = -2.0 mA, Vcc Min 
'OL = + 16 mA, Vcc Min 


2.4 


3.4 
0.35 


0.45 


Vdc 
Vdc 


lOHE 
lOLE 


Output Disabled "1" 
Current "0" 


VoH= + 525 V, Vcc Max 
V L = + 0-3 V, V C c Max 


— 


— 


40 
-40 


/jAdc 
AtAdc 


v tK 


Input Clamp Voltage 


lj n = -18 mA 


- 


- 


-1.2 


Vdc 


!0S 


Output Short Circuit Current 


:V CC Max,V out = 0.0V 
One Output Only for 1 .0 s Max 


-15 


— 


-70 


mAdc 


ice 


Power Supply Current 


Vcc Max 

All Inputs Grounded 


— 


60 


140 


mAdc 



CAPACITANCE (f = 1.0 MHz, Ta= 25°C, periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Typ 


Unit 


Input Capacitance 


Cin 


8.0 


pF 


Output Capacitance 


Cout 


10 


pF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature) 







MCM7641 


MCM7641 A 






to +75°C 


0to+75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


»AA 


45 


70 


45 


60 


ns 


Chip Enable Access Time 


tEA 


30 


40 


30 


40 


ns 



NOTE: AC limits guaranteed for worst case N^ sequential with maximum test frequency of 5.0 MHz. 



TIMING DIAGRAM 



Address 


1.5 VX 






tAA— | 

1.5 \ 




Output 


<* 



3.0 V 
0.0 V 



1.5V+ +1^5 V 

7 i t -i 



"0" Output 1 



Tvl 



-0.0 V 
»EA 



t r , tf < 5.0 ns 



AC TEST LOAD 



Test Point O-e- 
30 pF 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs Logical 
"1 " (Output High). Any desired bit/output can be programmed 
to a Logical "0" (Output Low) by following the simple procedure 
shown below. One may build his own programmer to satisfy the 
specifications described in Table 1, or buy any of the commer- 
cially available programmers which meet these specifications. 
These PROMs can be programmed automatically or by the man- 
ual procedure shown below. 

PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the selected 
word to be programmed. Address inputs are TTL-compa- 
tible. An open circuit should not be used to address the 
PROM. 

2. Disable the chip by applying input high (V|h) to the CS 
input. CS input must remain at Vjh for programming. The 
chip select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an Output 
Voltage Disable of less than Vqpd to the output of the 
PROM. The output may be left open to achieve the disable. 

4. Raise Vcc to Vpn with rise time equal to t r . 

5. After a delay equal to or greater than tj, apply a pulse with 
amplitude of VQpg a nd d uration of t p to the output selected 

TABLE 1 - PROGRAMMING 



for programming. Note that the PROM is supplied with 
fuses intact generating an output high. Programming a 
fuse will cause the output to go low in the verify mode. 

6. Other bits in the same word may be programmed while the 
Vcc input is raised to Vpn by applying output enable pulses 
to each output which is to be programmed. The output 
enable pulses must be separated by a minimum interval 
of t d . 

7. Lower Vcc to 4.5 Volts following a delay of tj from the last 
programming enable pulse applied to an output. 

8. Enable the ^ROM for verification by applying a logic "0" 
(V||_) to the CS input. 

9. If any bit does not verify as programmed, repeat Steps 2 
through 8 until the bit has received a total of 1 .0 ms of pro- 
gramming time. Bits which do not program within 1 .0 ms 
may be considered programming rejects. Multiple pulse of 
durations shorter than 1 .0 ms may be used to enhance 
programming speed. 

10. Repeat Steps 1 through 9 for all other bits to be pro- 
grammed in the PROM. 

11. Programming rejects returned to the factory must be 
accompanied by data giving address with desired and 
actual output data of a location 1 in which a programming 
failure has occured. 

SPECIFICATIONS 




Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


V| H 
V|L 


Address Input 
Voltage (1) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


V PH 
V PL 


Programming/ Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 
4.5 


12.25 
5.5 


V 
V 


'ccp 


Programming Voltage Current Limit 
with Vpn Applied 


600 


600 


650 


mA 


tf 


Voltage Rise and 
Fall Time 


1.0 
1.0 


1.0 
1.0 


10 
10 


MS 

MS 


td 


Programming Delay 


10 


10 


100 


MS 


h 


Programming Pulse Width 


100 


— 


1000 


MS 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


VOPE 
VOPD 


Output Voltage 
Enable 
Disable (2) 


10.0 
4.5 


10.5 
5.0 


11.0 
5.5 


V 
V 


<OPE 


Output Voltage Enable Current 


2.0 


4.0 


10 


mA 


T A 


Ambient Temperature 


- 


25 


75 


°C 



(1 1 Address and chip select should not be left open for V|^. 
(2) Disable condition will be. met with output open circuit. 



FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 
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MCM7641/41A BLOCK DIAGRAM 




(23) 



M) 



(2) 



(3) 



(4) 



5 
Column 
Address 
Buffers 



1 of 32 
Column 
Decode 



(5) 
A3 O— 




(6) 
A2 O— 

(7) 
A1 O— 


4 

Row 

Address 

Buffers 




(8) 
AO O— 





1 of 16 
-«fr| Row 
Decode 



CS1 ' 
CS2< 
CS3< 
CS4 



(21) 
(20) 
(19) 
,(18) 



Chip 
Select 
Buffer 



32 
-h- 



4096-Bit 

Memory Array 

(32 x 128) 



1 28 Transmission Gates 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



Output Buffers 



Vcc = Pm 24 
Gnd=Pin 12 



J(9) IdO) 1(11) 1(13) 1(14) 1(15) T(16) 1(17) 



05 



06 
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4096-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7643 and MCM7643A, together with various other 76xx 
series TTL PROMS, comprise a complete and compatible family 
having common dc electrical characteristics and identical program- 
ming requirements. They are fully decoded, high-speed, field- 
programmable ROMs and are available in commonly used organiza- 
tions, with three-state outputs. All bits are manufactured storing a 
logical "1 " (outputs high), and can be selectively programmed for 
logical "0" (outputs low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time. 

All pinouts are compatible to industry-standard PROMs and 
ROMs. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guaran- 
tee parametric and ac performance. Fuses in these test rows and 
columns are blown prior to shipment. 

• Common dc Electrical Characteristics and Programming 

Procedure 

• Simple, High-Speed Programming Procedure 

(1 .0 Second per 1024 Bits, Typical) 

• Expandable — Three-State Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL-Compatible 

Low Input Current — 250 mA Logic "0", 40 pA Logic "1 " 
Full Output Drive — 16 mA Sink, 2.0 mA Source 

• Fast Access Time — Guaranteed for Worst-Case N2 Sequencing, 

Over Commercial Temperature and Voltage Ranges 

• Pin-Compatible with Industry-Standard PROMs and ROMs 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


vcc 


+7.0 


Vdc 


Input Voltage 


Vin 


+5.5 


Vdc 


Operating Output Voltage 


V H 


+7.0 


Vdc 


Supply Current 


•cc 


650 


mAdc 


Input Current 


'in 


-20 


mAdc 


Output Sink Current 


'o 


100 


mAdc 


Operating Temperature Range 
MCM7643xxx 


T A 


to +75 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Maximum Junction Temperature 


Tj 


+175 


°C 


NOTE: 
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltagesfor extended periods of time could affect 
device reliability. (While programming, follow the programming specifications.) 



MCM7643 
MCM7643A 



TTL 

4096-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM7643.A - 1024 x 4 THREE-STATE 



PIN ASSIGNMENT 



MCM7643DC/ADC 
MCM7643PC/APC 



-v> 


A6 


v C c 


A5 


A7 


A4 


A8 


A3 


A9 


AO 


01 


A1 


02 


A2 


03 


csT 


04 


Gnd 


CS2 
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GUARANTEED OPERATING RANGE (T A = 0°C to +75°C) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


v C c 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


- 


Vdc 


Input Low Voltage 


V|L 


- 


-.. 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Output 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


>IH 
IlL 


Address/Enable "1 " 
Input Current T' 


V IH = V CC Max 
V| L = 0.45 V 


_ 


-0.1 


40 
-0.25 


/uAdc 
mAdc 


VOH 

Vol 


Output Voltage "1 " 
"0" 


'OH = "2.0 mA, Vcc Min 
'OL = + 1 6 mA, VcC Min 


2.4 


3.4 
0.35 


0.45 


Vdc 
Vdc 


lOHE 
'OLE 


Output Disabled "1" 
Current "0" 


VoH = +52 5 V, Vcc Max 
Vql = +03 V, V C c Max 


— 


— 


40 
-40 


iuAdc 
/jAdc 


V|K 


Input Clamp Voltage 


lj n = -18 mA 


. - 


- 


-1.2 


Vdc 


'OS 


Output Short Circuit Current 


V CC Max, V out = 0.0 V 

One Output Only for 1 .0 s Max 


-15 


• — 


-70 


mAdc 


'cc 


Power Supply Current 


Vcc Max 

All Inputs Grounded 


— 


100 


140 


mAdc 



CAPACITANCE (f = 1.0 MHz, T A = 25°C, periodically sampled rather than 100% tested.) 



Characteristic 


Symbol 


Typ 


Unit 


Input Capacitance 


Qn 


8.0 


■'■" PF 


Output Capacitance 


C ut 


1 ° 


PF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature) 







MCM7643 


MCM7643A 






to +75°C 


to +75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


«AA 


50 


70 


40 


50 


ns 


Chip Enable Access Time 


tEA 


25 


30 


25 


30 


ns 



NOTE: AC limits guaranteed for worst case N^ sequential with maximum test frequency of 5.0 MHz. 



TIMING DIAGRAM 



Address 1 .5 



EK 



•3.0 V 
-0.0 V 



.vV Vl.5V 
—£-, 4S-, 0.0 V 



se 



"0" Output 1.5 



^ 



— l EA 
-1.5 V 



t r , tf < 5.0 ns 



AC TEST LOAD 



Test Point O- 
30 pF* : 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs Logical 
"1 " (Output High). Any desired bit/output can be programmed 
to a Logical "0" (Output Low) by following the simple procedure 
shown below. One may build his own programmer to satisfy the 
specifications described in Table 1, or buy any of the commer- 
cially available programmers which meet these specifications. 
These PROMs can be programmed automatically or by the man- 
ual procedure shown below. 

PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the selected 
word to be programmed. Address inputs are TTL-compa- 
tible. An open circuit should not be used to address the 
PROM. 

2. Disable the chip by applying input high (Vm) to the CS 
input. U5 input must remain at Vm for programming. The 
chip select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an Output 
Voltage Disable of less than Vqpd to the output of the 
PROM. The output may be left open to achieve the disable. 

4. Raise Vcc to Vpn with rise time equal to t r . 

5. After a delay equal to or greater than t^, apply a pulse with 
amplitude of Vqpe and duration of t p to the output selected 



for programming. Note that the PROM is supplied with 
fuses intact generating an output high. Programming a 
fuse will cause the output to go low in the verify mode. 

6. Other bits in the same word may be programmed while the 
Vcc input is raised to Vpn by applying output enable pulses 
to each output which is to be programmed. The output 
enable pulses must be separated by a minimum interval 
oftd. 

7 . Lower Vcc t0 *-5 Volts following a delay of tj from the last 
programming enable pulse applied to an output. 

8. Enable the PROM for verification by applying a logic "0" 
(V| L ) to the CS input. 

9. If any bit does not verify as programmed, repeat Steps 2 
through 8 until the bit has received a total of 1 .0 ms of pro- 
gramming time. Bits which do not program within 1 .0 ms 
may be considered programming rejects. Multiple pulse of 
durations shorter than 1.0 ms may be used to enhance 
programming speed. 

10. Repeat Steps 1 through 9 for all other bits to be pro- 
grammed in the PROM. 

1 1 . Programming rejects returned to the factory must be 
accompanied by data giving address with desired and 
actual output data of a location in which a programming 
failure has occured. 




TABLE 1 - PROGRAMMING SPECIFICATIONS 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


V|H 
V| L 


Address Input 
Voltage (1) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


VpH 
V PL 


Programming/Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 
4.5 


12.25 
5.5 


V 
V 


•ccp 


Programming Voltage Current Limit 
with Vpn Applied 


600 


600 


650 


mA 


tr 
tf 


Voltage Rise and 
Fall Time 


1.0 
1.0 


1.0 
1.0 


10 
10 


M s 
MS 


td 


Programming Delay 


10 


10 


100 


MS 


l P 


Programming Pulse Width 


100 


— . 


1000 


MS 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


v OPE 
v 0PD 


Output Voltage 
Enable 
Disable (2) 


10.0 
4.5 


10.5 
5.0 


11.0 
5.5 


V 
V 


'OPE 


Output Voltage Enable Current 


2.0 


4.0 


10 


mA 


TA 


Ambient Temperature 


- 


25 


75 


°C 



(1 ) Address and chip select should not be left open for V^. 

(2) Disable condition will be met with output open circuit. 



FIGURE 1 - TYPICAL PROGRAMMING WAVEFOSMS 
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MCM7643/43A BLOCK DIAGRAM 




(16) 



(17) 



(2) 
A5 O — 



(3) 



(4) 



6 
Column 
Address 
Buffers 



1 of 64 

Column 

I Decode 



(15) 



(7) 
A2 O — 



(6) 
A1 O — 



(5) 



AO 



4 

Row 

Address 

Buffers 



1 of 16 

Row 
Decode 



(8) 

CS1 O— f 

(10) 

CS2 O — 



Chip 
Select 
Buffer 



64 

■y— 



4096-Bit 

Memory Array 

(64 x 64) 



16 



' 64 



64 Transmission Gates 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



Output Buffers 



V cc =Pin18 1(14) I (13) J (12) T 

Gnd = Pin9 O O O O 



11) 
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4096-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7649 and MCM7649A, together with various other 76xx 
series TTL PROMs, comprise a complete and compatible family hav- 
ing common dc electrical characteristics and identical programming 
requirements. They are fully decoded, high-speed, field-program- 
mable ROMs and are available in commonly used organizations, 
with three-state outputs. All bits are manufactured storing a Logic 
"1" (outputs high), and can be selectively programmed for Logic "0" 
(outputs low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time. 

All pinouts are compatible to industry-standard PROMs and ROMs. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guaran- 
tee parametric and ac performance. Fuses in these test rows and 
columns are blown prior to shipment. 

• Common DC Electrical Characteristics and Programming 

Procedure 

• Simple, High-Speed Programming Procedure 

(1.0 Second per 1024 Bits, Typical) 

• Expandable —Three-State Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL-Compatible 

Low Input Current — 250 uA Logic "0", 25 uA Logic "1 " 
Full Output Drive — 16 mA Sink, 2.0 mA Source 

• Pin-Compatible with Industry-Standard PROMs and ROMs 

• Fast Access Time — Guaranteed for Worst-Case N2 Sequencing, 

Over Commercial Temperature and Voltage Ranges 
MCM7649 60 ns Maximum 
MCM7649A 45 ns Maximum 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


vcc 


+7.0 


Vdc 


Input Voltage 


Vin 


+5.5 


Vdc 


Operating Output Voltage 


VOH 


+7.0 


Vdc 


Supply Current 


'CC 


650 


mAdc 


Input Current 


>in 


-20 


mAdc 


Output Sink Current 


'o 


100 


mAdc 


Operating Temperature Range 
MCM7649xxx 


T A 


to +75 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Maximum Junction Temperature 


Tj 


+ 175 


°C 


NOTE: 
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. (While programming, follow the programming specifications.) 



MCM7649 
MCM7649A 



TTL 

4096-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM7649.A - 512 x 8 THREE-STATE 




P SUFFIX 

PLASTIC PACKAGE 
CASE 738-02 



PIN ASSIGNMENT 


MCM7649PC/APC 


i m 


O ^ 

AO V C C 


=3 20 


2 C= 


A1 A8 


m 19 


3 C= 


A2 A7 


=3 18 


4CZ 


A3 A6 


=3 17 


5C 


A4 A5 


=D 16 


6 CZ 


01 CE 


=3 15 


7 C= 


02 08 


ra 14 


8 1= 


03 07 


=3 13 


9 cr 


04 06 


=3 12 


10 cr! 


Gnd 05 


=3 11 


PIN DESIGNATION 


A0-A8 Address Inputs 

01-08 Data Outputs 

Cf Chip Enable 
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GUARANTEED OPERATING RANGE (T A = 0°C to +75°C) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V| H 


2.0 


- 


- 


Vdc 


Input Low Voltage 


V|L 


- 


- 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Qu 


put 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


l|H 
'IL 


Address/Enable "1" 
Input Current "0" 


V IH= V CC Max 
V|L= 0.45 V 


_ 


-0.1 


25 
-0.25 


/uAdc 
mAdc 


VOH 

vol 


Output Voltage "1" 
"0" 


'OH = -2.0 mA, Vcc Min 
'OL = + 16 mA, Vcc Min 


2.4 


3.4 
0.35 


0.50 


Vdc 
Vdc 


lOHE 
'OLE 


Output Disabled "1 " 
Current "0" 


Vqh = +5.25 V, V C c Max 
V 0L = +0.3 V, Vcc Max 


— 


_ 


40 
-40 


/uAdc 
,uAdc 


V|K 


Input Clamp Voltage 


lj n = -18 mA 


- 


- 


-1.2 


Vdc 


ios 


Output Short Circuit Current 


V C c Max, V out = 0.0 V 

One Output Only for 1.0 s Max 


-20 


— 


-100 


mAdc 


ice 


Power Supply Current 


Vcc Max 

All Inputs Grounded 


— 


120 


170 


mAdc 



CAPACITANCE (T/\ = 25°C, periodically sampled rather than 100% tested. 



Parameter 


Test Conditions 


Symbol 


Typ 


Unit 


Input Capacitance 


V CC = 5.0 V, V in = 2.0 V, f = 1 .0 MHz 


Qn 


8.0 


PF 


Output Capacitance 


V C c = 5.0 V, V in = 2.0 V, f = 1 .0 MHz 


C ut 


10 


PF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature) 







MCM7649 


MCM7649A 






to +75° C 


to +75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


*AA 


40 


60 


35 


45 


ns 


Chip Enable Access Time 


tEA 


30 


40 


25 


35 


ns 



NOTE: AC limits guaranteed for worst case N2 sequential with maximum test frequency of 5.0 MHz. 



1 


TIMING DIAGRAM 






AC TEST LOAD 


^ „ , , ~\ 


/1.5 V 

't-, 0.0 V 

-*( r— *ea 

fTTv 

t r , tf < 5.0 ns 


>300 


Address 1.5 V^j^ 


0.0 v ■ . II 

tEA—-, 1— 


tAA~~ i J— 
Output 1,5V^|( 


30 PF* Z 


- £600 


"O" Output 1.5 v\ 







"Includes Scope and Test 
Fixture Capacitance 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs Logical 
"1" (Output High). Any desired bit/output can be programmed 
to a Logical "0" (Output Low) by following the simple procedure 
shown below. One may build his own programmer to satisfy the 
specifications described in Table 1, or buy any of the commer- 
cially available programmers which meet these specifications. 
These PROMs can be programmed automatically or by the man- 
ual procedure shown below. 

PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the selected 
word to be programmed. Address inputs are TTL-compat- 
ible. An open circuit should not be used to address the 
PROM. 

2. Disable the chip by applying input high (Vm) to the CS 
input. CS input must remain at Vm for programming. The 
chip select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an Output 
Voltage Disable of less than VrjpD to the output of the 
PROM. The output may be left open to achieve the disable. 

4. Raise Vcc to \/pn with rise time equal to t r . 

5. After a delay equal to or greater than td, apply a pulse with 
amplitude of Vqpe and duration of t p to the output selected 



for programming. Note that the PROM is supplied with 
fuses intact generating an output high. Programming a 
fuse will cause the output to go low in the verify mode. 

6. Other bits in the same word maybe programmed while the 
Vcc ' n P ut is raised to Vpn by applying output enable pulses 
to each output which is to be programmed. The output 
enable pulses must be separated by a minimum interval 
of t d . 

7. Lower Vcc to 4.5 Volts following a delay of td from the last 
programming enable pulse applied to an output. 

8. Enable the PROM for verification by applying a Logic "0" 
(V||_) to the CS input. 

9. If any bit does not verify as programmed, repeat Steps 2 
through 8 until the bit has received a total of 1 .0 ms of pro- 
gramming time. Bits which do not program within 1.0 ms 
may be considered programming rejects. Multiple pulse of 
durations shorter than 1.0 ms may be used to enhance 
programming speed. 

10. Repeat Steps 1 through 9 for all other bits to be pro- 
grammed in the PROM. 

11. Programming rejects returned to the factory must be 
accompanied by data giving address with desired and 
actual output data of a location in which a programming 
failure has occurred. 




TABLE 1 - PROGRAMMING SPECIFICATIONS 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


V|H 
V|L 


Address Input 
Voltage (1) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


VPH 
V PL 


Programming/Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 
4.5 


12.25 
5.5 


V 
V 


'CCP 


Programming Voltage Current Limit with Vpn Applied 


600 


600 


650 


mA 


tr 
tf 


Voltage Rise and 
Fall Time 


1.0 
1.0 


1.0 
1.0 


10 
10 


M s 
M s 


td 


Programming Delay 


10 


10 


100 


M s 


^ 


Programming Pulse Width 


100 


- 


1000 


MS 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


v OPE 
v OPD 


Output Voltage 
Enable 
Disable (2) 


10.0 
4.5 


10.5 
5.0 


11.0 
5.5 


V 
V 


'OPE 


Output Voltage Enable Current 


2.0 


4.0 


10 


mA 


TA 


Ambient Temperature 


- 


25 


75 


°C 



(1) Address and 

(2) Disable cond 



chip select should not be left open for Vm. 
tion will be met with output open circuit. 



FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 



Vp H 
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MCM7649/49A BLOCK DIAGRAM 



(19) 
A8 0— 

(18) 
A7 0_ 


5 
Column "* 


- 1 of 32 
Column 
Decode 


32 








4096-Bit 














(17) 
A6 0— 

(16) 
A5 O— 

(5) 
A4o_ 


Buffers 






(32x128) 












/ 128 






(4) 
A3 — 


4 
Row 
Address •* 
Buffers 


1 of 16 
»■ Row 
Decode 


16 


128 Transmission Gates 






1 of 1 6 

Decode 


1 of 16 
Decode 


1 of 16 
Decode 


1 of 16 
Decode 


1 of 16 
Decode 


1 of 16 
Decode 


1 of 16 
Decode 


1 of 16 
Decode 


(3) 
A2 O— 

(2) 
A1 — 

(1) 
AO — 




' 


' ' 


' 1 


' ' 


' ' 


r i 


' 


1' 


V 










Output Buffers 




Chip 
Select 
Buffer 




(15) 


v C c 

Gnd 




CE 


= Pin 20 
= Pin 10 


i 




(8) 

1 





1* 

2 





) (8> 
3 


C 



j (9) 
4 





5 


i 




> <12 
6 


A (13) 

07 


i (14) 
08 
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8192-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7681 and MCM7681A, together with various other 
76xx series TTL PROMS, comprise a complete and compatible family 
having common dc electrical characteristics and identical 
programming requirements. They are fully decoded, high-speed, 
field-programmable ROMs and are available in commonly used 
organizations, with three-state outputs. All bits are manufactured 
storing a logical "1" (outputs high), and can be selectively 
programmed for logical "0" (outputs low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time. 

Pinouts are compatible to industry-standard PROMs and ROMs. 
In addition, the MCM7681 is a pin compatible replacement for the 
512x8 with Pin 22 connected as A9 on the 1 024 x 8. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guaran- 
tee parametric and ac performance. Fuses in these test rows and 
columns are blown prior to shipment. 

• Common dc Electrical Characteristics and Programming 

Procedure 

• Simple, High-Speed Programming Procedure 

(1.0 Second per 1024 Bits, Typical) 

• Expandable — Three-State Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL-Compatible 

Low Input Current — 250 /jA Logic "0", 40 /jA Logic "1 " 
Full Output Drive — 1 6 mA Sink, 2.0 mA Source 

• Fast AccessTime — Guaranteed for Worst-Case N2 Sequencing, 

Over Commercial Temperature Ranges and Voltage Ranges 

• Pin-Compatible with Industry-Standard PROMs and ROMs 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


v cc 


+7.0 


Vdc 


Input Voltage 


V in 


+5.5 


Vdc 


Operating Output Voltage 


VOH 


+7.0 


Vdc 


Supply Current 


!CC 


650 


mAdc 


Input Current 


■in 


-20 


mAdc 


Output Sink Current 


lo 


100 


mAdc 


Operating Temperature Range 

MCM7681xxx 


T A 


to +75 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Maximum Junction Temperature 


Tj 


+ 175 


°C 


NOTE: 
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. (While programming, follow the programming specifications.) 



MCM7681 
MCM7681A 



TTL 

8192-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM7681.A - 1024 * 8 THREE-STATE 



PIN ASSIGNMENT 



MCM7681 DC/ADC 
MCM7681PC/APC 



o 

A7 


v C c 


A6 


A8 


A5 


A9 


A4 


CST 


A3 


CS2 


A2 


CS3 


A1 


CS4 


AO 


08 


01 


07 


02 


06 


03 


05 


Gnd 


04 
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GUARANTEED OPERATING RANGE (T A = 0°C to +75°C) 



Parameter 


Symbol 


Min 


Norn 


Max 


Unit 


Supply Voltage 


v C c 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


- 


vac 


Input Low Voltage 


V| L 


- 


- 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Output 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


l|H 
l|L 


Address/Enable "1" 
Input Current "0" 


V IH = VccMax 
V| L = 0.45 V 


_ 


-0.1 


40 
-0.25 


iuAdc 
mAdc 


V H 

vol 


Output Voltage "1" 
"0" 


Iqh = -2.0 mA, Vqc Min 
Iql - + 1 6 mA, Vcc Min 


2.4 


3.4 
0.35 


0.45 


Vdc 
Vdc 


'OHE 
'OLE 


Output Disabled "1" 
Current "0" 


Vqh = + 525 V, Vcc Max 
Vql= +03 V, V C c Max 


— 


— 


40 
-40 


^Adc 
MAdc 


V|K 


Input Clamp Voltage 


lj n = -18 mA 


- 


- 


-1.2 


Vdc 


'os 


Output Short Circuit Current 


V C c Max, V out = 0.0 V 

One Output Only for 1 .0 s Max 


-15 


— • 


-70 


mAdc 


'cc 


Power Supply Current 


Vqc Max 

All Inputs Grounded 


— 


110 


150 


mAdc 



CAPACITANCE (f = 1 .0 MHz, "I"a = 25°C, periodically sampled rather than 100% tested. 



Characteristic 


Symbol 


Typ 


Unit 


Input Capacitance 


Cin 


8.0 


pF 


Output Capacitance 


Cout 


10 


pF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature) 







MCM7681 


MCM7681A 






to +75°C 


to +75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


'AA 


- 


70 


- 


50 


ns 


Chip Enable Access Time 


«EA 


30 


40 


30 


40 


ns 



NOTE: AC limits guaranteed for worst case N^ sequential with maximum tes'; frequency of 5.0 MHz. 



I 


TIMING DIAGRAM 






V 3 -° v 

A 15V 


Addrati 1.5V^ 


,,". A ■ 




— h r- *ea 

t r , tf < 5.0 ni 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs Logical 
"1 " (Output High). Any desired bit/output can be programmed 
to a Logical "0" (Output Low) by following the simple procedure 
shown below. One may build his own programmer to satisfy the 
specifications described in Table 1, or buy any of the commer- 
cially available programmers which meet these specifications. 
These PROMs can be programmed automatically or by the man- 
ual procedure shown below. 

PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the selected 
word to be programmed. Address inputs are TTL-compa- 
tible. An open circuit should not be used to address the 
PROM. 

2. Disable the chip by applying input high (V|(-|) to the CS 
input. C5 input must remain at V|H for programming. The 
chip select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an Output 
Voltage Disable of less than Vqpd t0 tne output of the 
PROM. The output may be left open to achieve the disable. 

4. Raise V^c to Vpn with rise time equal to t r . 

5. After a delay equal to or greater thantjj, apply a pulse with 
amplitude of Vqpe ar| d duration of tp to the output selected 

TABLE 1 - PROGRAMMING 



for programming. Note that the PROM is supplied with 
fuses intact generating an output high. Programming a 
fuse will cause the output to go low in the verify mode. 

6. Other bits in the same word may be programmed while the 
V CC input is raised to Vpn by applying output enable pulses 
to each output which is to be programmed. The output 
enable pulses must be separated by a minimum interval 
oft d . 

7. Lower Vqq ,0 4.5 Volts following a delay of td from the last 
programming enable pulse applied to an output. 

8. Enable the PROM for verification by applying a logic "0" 
(V|[_)tothe CS input. 

9. If any bit does not verify as programmed, repeat Steps 2 
through 8 until the bit has received a total of 1 .0 ms of pro- 
gramming time. Bits which do not program within 1 .0 ms 
may be considered programming rejects. Multiple pulse of 
durations shorter than 1 .0 ms may be used to enhance 
programming speed. 

10. Repeat Steps 1 through 9 for all other bits to be pro- 
grammed in the PROM. 

1 1. Programming rejects re turned to thefactory must be 
accompanied by data giving address with desired and 
actual output data of a location in which a programming 
failure has occured. 

SPECIFICATIONS 




Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


V|H 
V|L 


Address Input 
Voltage (1) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


VPH 
V PL 


Programming/ Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 
4.5 


12.25 
5.5 


V 
V 


'CCP 


Programming Voltage Current Limit 
with Vpn Applied 


600 


600 


650 


mA 


«r 
tf 


Voltage Rise and 
Fall Time 


1.0 
1.0 


1.0 
1.0 


10 
10 


MS 


td 


Programming Delay 


10 


10 


100 


MS 


tp 


Programming Pulse Width 


100 


- 


1000 


MS 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


VOPE 
v OPD 


Output Voltage 
Enable 
Disable (2) 


10.0 
4.5 


10.5 
5 


11.0 
5.5 


V 
V 


'OPE 


Output Voltage Enable Current 


2.0 


4.0 


10 


mA 


t A 


Ambient Temperature 


- 


25 


75 


°C 



(1) Address and chip select should not be left open for vjh. 

(2) Disable condition will be met with output open circuit. 



FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 
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MCM7681/81A BLOCK DIAGRAM 




(22) 



(23) 



(d) 



(2) 



(3) 



(4) 
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Decode 
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8192-Bit 
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4 
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Buffers 



(21) 



(19) 
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1 of 16 
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Decode 



Chip 
Select 
Buffer 
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1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
Decode 



1 of 16 
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Output Buffers 



Vcc = Pin 24 
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8192-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM7685 and MCM7685A, together with various other 76xx 
series TTL PROMS, comprise a complete and compatible family 
having common dc electrical characteristics and identical program- 
ming requirements. They are fully decoded, high-speed, field- 
programmable PROMs and are available in commonly used organi- 
zations, with three-state outputs. All bits are manufactured storing 
a logical "1 " (outputs high), and can be selectively programmed for 
logical "0" (outputs low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time. 

Pinouts are compatible to industry-standard PROMs and ROMs. 
The MCM7685 is a pin compatible replacement for the 1024 * 4 
organization with Pin 8 connected as A10 on the 2048 x 4. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guaran- 
tee parametric and ac performance. Fuses in these test rows and 
columns are blown prior to shipment. 

• Common dc Electrical Characteristics and Programming 

Procedure 

• Simple, High-Speed Programming Procedure 

(1 .0 Second per 1024 Bits, Typical) 

• Expandable — Three-State Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL-Compatible 

Low Input Current — 250 /iA Logic "0", 40 /nA Logic "1 " 
Full Output Drive — 1 6 mA Sink, 2.0 mA Source 

• Fast Access Time — Guaranteed for Worst-Case N2 Sequencing, 

Commercial Temperature Ranges and Voltage Ranges 

• Pin-Compatible with Industry-Standard PROMs and ROMs 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


v C c 


+7.0 


Vdc 


Input Voltage 


Vin 


+5.5 


Vdc 


Operating Output Voltage 


V H 


+7.0 


Vdc 


Supply Current 


'cc 


650 


mAdc 


Input Current 


"in 


-20 


mAdc 


Output Sink Current 


"o 


100 


mAdc 


Operating Temperature Range 
MCM7685xxx 


TA 


Oto+75 


°c 


Storage Temperature Range 


T stg 


-55 to +150 


°c 


Maximum Junction Temperature 


Tj 


+ 175 


°C 


NOTE: 
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. (While programming, follow the programming specifications.! 



MCM7685 
MCM7685A 



TTL 

8192-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM7685,A - 2048 x 4 THREE-STATE 



PIN ASSIGNMENT 



MCM7685DC/ADC 
MCM7685PC/APC 





.. ... — ^,... - . 


1C 


A6 


v C c 


2c= 


A5 


A7 


3d 


A4 


A8 


4C 


A3 


A9 


5CZ 


AO 


01 


6C 


A1 


02 


7 CZ 


A2 


03 


8 d 


A10 


04 


9 CZ 


Gnd 


CS 
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GUARANTEED OPERATING RANGE (T A = 0°C to +75°C) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


vcc 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


- . 


Vdc 


Input Low Voltage 


VlL 


- 


- 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Output 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


l|H 
IlL 


Address/Enable "1 " 
Input Current "0" 


V|H = V CC Max 
V|L = 0.45 V 


_ 


-0.1 


40 
-0.25 


MAdc 
mAdc 


V H 

vol 


Output Voltage "1 " 
"0" 


'OH = ~ 20 mA - V CC Min 
lOL = + 1 6 mA, Vcc Min 


2.4 


3.4 
0.35 


0.45 


Vdc 
Vdc 


'OHE 
'OLE 


Output Disabled "1" 
Current "0" 


VoH = +5 -25 V, V C c Max 

vol = +0 - 3 v - v cc Max 


— 


— 


40 
-40 


/uAdc 


VlK 


Input Clamp Voltage 


lj n = -18mA 


- 


— 


-1.2 


Vdc 


'OS 


Output Short Circuit Current 


V C c Max, V out = 0.0 V 

One Output Only for 1 .0 s Max 


-15 


— 


-70 


mAdc 


!CC 


Power Supply Current 


Vcc Max 

All Inputs Grounded 


— 


80 


150 


mAdc 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, periodically sampled rather than 1 00% tested.) 



Characteristic 


Symbol 


Typ 


Unit 


Input Capacitance 


Cjn 


8.0 


PF 


Output Capacitance 


C ut 


10 


pF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature) 







MCM7685 


MCM7685A 






to +75°C 


to +75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


»AA 


45 


70 


40 


55 


ns 


Chip Enable Access Time 


tEA 


30 


40 


30 


40 


ns 



NOTE: AC limits guaranteed for worst case N^ sequential with maximum test frequency of 5.0 MHz. 



I 


TIMING DIAGRAM 






AC TEST LOAD 

Vcc 

I 




*■■* !'. .: 
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Address 1.5 V^ 


rr , , A 


0.0 V c - . I I 

1 ea— -| r— 

"0" Output t.5v\ 


— H t— t EA 
t r , t f < 5.0 ns 


tAA— j I }— 
Output 1.5V)I( 


30 pF* ^ 


z ?600 














'Includes Scope and 
Fixture Capacitanc 


rest 
e 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs Logical 
"1" (Output High). Any desired bit/output can be programmed 
to a Logical "0" (Output Low) by following the simple procedure 
shown below. One may build his own programmer to satisfy the 
specifications described in Table 1 , or buy any of the commer- 
cially available programmers which meet these specifications. 
These PROMs can be programmed automatically or by the man- 
ual procedure shown below. 

PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the selected 
word to be programmed. Address inputs are TTL-compa- 
tible. An open circuit should not be used to address the 
PROM. 

2. Disable the chip by applying input high (V|n) to the CS 
input. CS input must remain at Vm for programming. The 
chip select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an Output 
Voltage Disable of less than Vqpd to the output of the 
PROM. The output may be left open to achieve the disable. 

4. Raise Vcc to Vp(-| with rise time equal to t r . 

5. After a delay equal to or greater than t<j, apply a pulse with 
a mplitude of Vqpe and duration of tp to the output selected 



for programming. Note that the PROM is supplied with 
fuses intact generating an output high. Programming a 
fuse will cause the output to go low in the verify mode. 

6. Other bits in the same word may be programmed while the 
' Vf_X m P ut ' s ra 'sed to Vpn by applying output enable pulses 

to each output which is to be programmed. The output 
enable pulses must be separated by a minimum interval 
of t d . 

7. Lower Vcc to 4.5 Volts following a delay of t^ from the last 
programming enable pulse applied to an output. 

8. Enable theJPROM for verification by applying a logic "0" 
(V|l) to the CS input. 

9. If any bit does not verify as programmed, repeat Steps 2 
through 8 until the bit has received a total of 1 .0 ms of pro- 
gramming time. Bits which do not program within 1 .0 ms 
may be considered programming rejects. Multiple pulse of 
durations shorter than 1 .0 ms may be used to enhance 
programming speed. 

10. Repeat Steps 1 through 9 for all other bits to be pro- 
grammed in the PROM. 

1 1 . Programming rejects returned to the factory must be 
accompanied by data giving address with desired and 
actual output data of a location in which a programming 
failure has occured. 




TABLE 1 — PROGRAMMING SPECIFICATIONS 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


V|H 
V|L 


Address Input 
Voltage (1) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


VPH 
VPL 


Programming/Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 
4.5 


12.25 
5.5 


V 
V 


'CCP 


Programming Voltage Current Limit 
with Vp(-| Applied 


600 


600 


650 


mA 


tr 
tf 


Voltage Rise and 
Fall Time 


1.0 
1.0 


1.0 
1.0 


10 
10 


M S 


td 


Programming Delay 


10 


10 


100 


lis 


«P 


Programming Pulse Width 


100 


— 


1000 


M S 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


v OPE 
v OPD 


Output Voltage 
Enable 
Disable (2) 


10.0 
4.5 


10.5 
5.0 


T1.0 
5.5 


V 
V 


lOPE 


Output Voltage Enable Current 


2.0 


4.0 


10 


mA 


TA 


Ambient Temperature 


' - 


25 


75 


°C 



(1) Address and chip select should not be left open for V||_|. 

(2) Disable condition will be met with output open circuit. 



FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 



VPH 



VPL 
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MCM7685/85A BLOCK DIAGRAM 
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32 



i 128 

" 



128 Transmission Gates 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



Output Buffers 



V C c=Pin18 
Gnd= Pin 9 



1(11) 1(12) 1(13) 1(14) 

04 03 02 01 



9-26 



® 



MOTOROLA 



16384-BIT PROGRAMMABLE READ ONLY MEMORY 

The MCM76161 and MC76161A, together with various other 
76xx series TTL PROMS, comprise a complete and compatible family 
having common dc electrical characteristics and identical program- 
ming requirements. They are fully decoded, high-speed, field- 
programmable ROMs and are available in commonly used organiza- 
tions, with three-state outputs. All bits are manufactured storing a 
logical "1 " (outputs high), and can be selectively programmed for 
logical "0" (outputs low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky bipolar 
circuitry provides fast access time. 

Pinouts are compatible to industry-standard PROMs and ROMs. 
The MCM76161 is a pin compatible replacement for the 1024 * 8 
with Pin 21 connected as A10 on the 2048 * 8. 

In addition to the conventional storage array, extra test rows and 
columns are included to assure high programmability, and guaran- 
tee parametric and ac performance. Fuses in these test rows and 
columns are blown prior to shipment. 

• Common dc Electrical Characteristics and Programming 

Procedure 

• Simple, High-Speed Programming Procedure 

(1 .0 Second per 1024 Bits, Typical) 

• Expandable — Three-State Outputs and Chip Enable Inputs 

• Inputs and Outputs TTL-Compatible 

Low Input Current — 250 /uA Logic "0", 40 yuA Logic "1 " 
Full Output Drive — 16 mA Sink, 2.0 mA Source 

• Fast AccessTime — Guaranteed for Worst-Case N2 Sequencing, 

Over Commercial Temperature and Voltage Ranges 

• Pin-Compatible with Industry-Standard PROMs and ROMs 



ABSOLUTE MAXIMUM RATINGS (S 


ee Note) 






Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


v C c 


+7.0 


Vdc 


Input Voltage 


Vin 


+5.5 


Vdc 


Operating Output Voltage 


V H 


+7.0 


Vdc 


Supply Current 


'cc 


650 


mAdc 


Input Current 


■in 


-20 


mAdc 


Output Sink Current 


lo 


100 


mAdc 


Operating Temperature Range 
MCM76161xxx 


T A 


to +75 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Maximum Junction Temperature 


Tj 


+175 


°C 



MCM76161 
MCM76161A 



TTL 

16384-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM76161.A - 2048 * 8 THREE-STATE 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded Functional 
operation should be restricted to RECOMMENDED OPERATING CONDITIONS. Exposure to higher 
than recommended voltages for extended periods of time could affect device reliability. (While 
programming, follow the programming specifications.) 



PIN ASSIGNMENT 



MCM761 61 DC/ADC 
MCIVI76161PC/APC 



c= 




A 7 


vec 


crz 


A6 


A8 


rrr: 


A5 


A9 


err 


A4 


A10 


rz= 


A3 


CS1 




A2 


CS2 


cz 


A1 


CS3 


tzz 


AO 


08 


rzz: 


Ol 


07 


cz 


02 


06 


■(= 


03 


05 


czr 


Gnd 


04 
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GUARANTEED OPERATING RANGE (T A = 0°C to+75°C) 




Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


v C c 


4.75 


5.0 


5:25 


Vdc 


Input High Voltage 


V|H 


2.0 


- 


- 


Vdc 


Input Low Voltage 


V|L 


. - 


- 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Output 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


IlL 


Address/Enable "1 " 
Input Current "0" 


Vm-VccMax 
V| L = 0.45 V 


— 


-0.1 


40 
-0.25 


^Adc 
mAdc 


V H 

vol 


Output Voltage "1 " 
"0" 


'OH = -2.0 mA, Vqc Min 
'OL = + 1 6 mA, Vc'c Min 


2.4 


3.4 
0.35 


0.45 


Vdc 
Vdc 


!OHE 
'OLE 


Output Disabled "1 " 
Current "0" 


V H = + 5-25 V, V C c Max 
Vql = + 0-3 V, V cc Max 


_ 


— 


40 
-40 


/^Adc 
juAdc 


V|K 


Input Clamp Voltage 


l in = -18mA 


■- 


- 


-1.2 


Vdc 


bS 


Output Short Circuit Current 


V C cMax,V ouf =0.0V 

One Output Only for 1 .0 s Max 


-1 5 


-* 


-70 


mAdc 


ice 


Power Supply Current 


Vcc M ax 

All Inputs Grounded 


— 


130 


180 


mAdc 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, periodically sampled rather than 1 00% tested.) 



Characteristic 


Symbol 


Typ 


Unit 


Input Capacitance 


Cin 


8:0 


P F 


Output Capacitance 


C ut 


10 


pF 



AC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature) 







MCM76161 


MCM76161A 






to +75°C 


to +75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


tAA 


45 


70 


35 


60 


ns 


Chip Enable Access Time 


tEA 


30 


40 


30 


40 


ns 



NOTE: AC limits guaranteed for worst case N? sequential with maximum test frequency of 5.0 MHz. 



1IK 



TIMING DIAGRAM 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs Logical 
"1 " (Output High). Any desired bit/output can be programmed 
to a Logical "0" (Output Low) by following the simple procedure 
shown below. One may build his own programmer to satisfy the 
specifications described in Table 1, or buy any of the commer- 
cially available programmers which meet these specifications. 
These PROMs can be programmed automatically or by the man- 
ual procedure shown below. 

PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the selected 
word to be programmed. Address inputs are TTL-compa- 
tible. An open circuit should not be used to address the 
PROM. 

2. Disable the chip by applying input high (V|n) to the C5 
input. CS~ input must remain at Vm for programming. The 
chip select is TTL-compatible. An open circuit should not 
be used to disable the chip. 

3. Disable the programming circuitry by applying an Output 
Voltage Disable of less than Vqpd to the output of the 
PROM. The output may be left open to achieve the disable. 

4. Raise Vrjc to Vpn with rise time equal to t r . 

5. After a delay equa I to or greater tha n tj, apply a pulse with 
amplitude of Vqpe and duration of t p to the output selected 

TABLE 1 — PROGRAMMING 



for programming. Note that the PROM is supplied with 
fuses intact generating an output high. Programming a 
fuse will cause the output to go low in the verify mode. 

6. Other bits in the same word may be programmed while the 
V CC input is raised to Vpn by applying output enable pulses 
to each output which is to be programmed. The output 
enable pulses must be separated by a minimum interval 
of t d . 

7. Lower Vqq to 4.5 Volts following a delay of td from the last 
programming enable pulse applied to an output. 

8. Enable the^ROM for verification by applying a logic "0" 
(V|l) to the CS input. 

9. If any bit does not verify as programmed, repeat Steps 2 
through 8 until the bit has received a total of 1 .0 ms of pro- 
gramming time. Bits which do not program within 1 .0 ms 
may be considered programming rejects. Multiple pulse of 
durations shorter than 1 .0 ms may be used to enhance 
programming speed. 

10. Repeat Steps 1 through 9 for all other bits to be pro- 
grammed in the PROM. 

11. Programming rejects returned to the factory must be 
accompanied by data giving address with desired and 
actual output data of a location in which a programming 
failure has occured. 

SPECIFICATIONS 




Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


V|H 
V| L 


Address Input 
Voltage (1) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


VPH 
VPL 


Programming/ Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 
4.5 


12.25 
5.5 


V 
V 


'CCP 


Programming Voltage Current Limit 
with Vpn Applied 


600 


600 


650 


mA 


tr 
tf 


Voltage Rise and 
Fall Time 


1.0 
1.0 


1.0 
1.0 


10 
10 


MS 
MS 


t d 


Programming Delay 


10 


10 


100 


MS 


«P 


Programming Pulse Width 


100 


— 


1000 


MS 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


v 0PE 
v 0PD 


Output Voltage 
Enable 
Disable (2) 


10.0 
4.5 


10.5 
5.0 


11.0 
5.5 


V 
V 


'OPE 


Output Voltage Enable Current 


2.0 


4.0 


10 


mA 


T A 


Ambient Temperature 


- 


25 


75 


°C 



(1) Address and chip select should not be left open for Vjh 

(2) Disable condition will be. met with output open circuit. 



FIGURE 1 - TYPICAL PROGRAMMING WAVEFORMS 



Vp L 
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MCM76161/161A BLOCK DIAGRAM 
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(7) 



(8) 
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5 
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1 of 32 

Row 
Decode 



Vcc = Pln 24 
Gnd = Pin 12 
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Memory Array 

(64 x 256) 



/ 256 

:i 



256 Transmission Gates 



1 of 32 
Decode 



(9) 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



8 Output Buffers 



(11) 
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Advance Information 



16384-BIT PROGRAMMABLE READ ONLY MEMORIES 

The MCM76165 and MCM76165A, together with various other 
76xx series TTL PROMs, comprise a complete and compatible 
family having common dc electrical characteristics and identical 
programming requirements. They are fully decoded, high-speed, 
field-programmable ROMs and are available in commonly used 
organizations, with three-state outputs. All bits are manufactured 
storing a Logical "1" (outputs high), and can be selectively pro- 
grammed for Logical "0" (outputs low). 

The field-programmable PROM can be custom-programmed to 
any pattern using a simple programming procedure. Schottky 
bipolar circuitry provides fast access time. 

In addition to the conventional storage array, extra test rows 
and columns are included to assure high programmability, and 
guarantee parametric and ac performance. Fuses in these test 
rows and columns are blown prior to shipment. 

• 4096 Words x 4 Bits Organization 

• TTL Compatible Inputs and Outputs 

• Ultra Fast Read Access Time: 35 ns — MCM76165A 

50 ns — MCM76165 

• Three-State Outputs 

• Two Chip Select Inputs for Memory Expansion 

• Proven Reliable NiCr Fuse Technology and Extra Test Words 
Insure High Programming Yields 

• MOSAIC Oxide Isolate Technology Provides Optimum Speed- 
Power Characteristics 

• Standard 20-Pin, 300 Mil Wide, Dual-ln-Line Package 



ABSOLUTE MAXIMUM RATINGS (See Note) 



Rating 


Symbol 


Value 


Unit 


Operating Supply Voltage 


vcc 


+ 7.0 


Vdc 


Input Voltage 


Vin 


+ 5.5 


Vdc 


Operating Output Voltage 


VOH 


+ 7.0 


Vdc 


Supply Current 


ice 


650 


mAdc 


Input Current 


l,n 


-20 


mAdc 


Output Sink Current 


"o 


100 


mAdc 


Operating Temperature Range 
MCM76165xxx 


T A 


to +75 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 


Maximum Junction Temperature 


Tj 


+ 175 


°c 


Note: 

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Func- 
tional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. Exposure 
to higher than recommended voltages for extended periods of time could affect device reli- 
ability. (While programming, follow the programming specifications.) 



MCM76165 
MCM76165A 



TTL 



16384-BIT PROGRAMMABLE 
READ ONLY MEMORIES 

MCM76165,A — 4096 x 4 
THREE-STATE OUTPUTS 



_^^^8fe 


D SUFFIX 


fflHHSflPTW'ii 


CERAMIC PACKAGE 


IpYP 1 


CASE 732-03 


P SUFFIX 


*gatBi 


PLASTIC PACKAGE 


pCry^nj 1 1 1 1 II 


CASE 738-02 


Ml 



PIN ASSIGNMENT 


A 8 H 


1 20 


Zlvcc 


A 7 C 


2 19 


hia 9 


Aed 


3 18 


D A10 


A5d 


4 17 


H An 


A4E 


5 16 


H|csi 


A 3 C 


6 15 


n|cs 2 


A 2 C 


7 14 


noi 


Aid 


8 13 


H o 2 


AoC 


9 12 


U o 3 


Gnd [2 


10 11 


H o 4 









ORDERING INFORMATION 



MOSAIC is a trademark of Motorola Inc. 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 



Device 


Package 


MCM76165DC 
MCM76165ADC 


Ceramic Dual-in-Line 


MCM76165PC 
MCM76165APC 


Plastic Dual-in-Line 
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GUARANTEED OPERATING RANGE (T A =0°C to + 75°C) 



Parameter 


Symbol 


Min 


Nom 


Max 


Unit 


Supply Voltage 


v C c 


4.75 


5.0 


5.25 


Vdc 


Input High Voltage 


V|H 


2.0 


■ — 


— 


Vdc 


Input Low Voltage 


V|L 


- 


— : 


0.8 


Vdc 



DC OPERATING CONDITIONS AND CHARACTERISTICS 


Three-State Output 




Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


hH 
IlL 


Address/Enable "1" 
Input Current "0" 


V IH = V CC Max 
V||_ = 0.45 V 





-0.1 


40 
-0.25 


/uAdc 
mAdc 


V H 

vol 


Output Voltage "1" 
"0" 


IOH = ~2.0 mA, Vcc Min 
IOL= + 16 mA ' V CC Min 


2.4 


3.4 
0.35 


0.45 


Vdc 
Vdc 


'OHE 
'OLE 


Output Disabled "1" 
Current "0" 


VOH = + 5.25 V, Vcc Max 
Vql = +0.3 V, V C cMax 


— 


— 


40 
-40 


jitAdc 
/iAdc 


V|K 


Input Clamp Voltage 


lj n =-18mA 


— 


— 


-1.2 


Vdc 


ios 


Output Short Circuit Current 


V C cMax,V out = 0.0V 

One Output Only for 1.0 s Max 


-15 


— 


-70 


mAdc 


ICG 


Power Supply Current 


Vcc Max 

All Inputs Grounded 


— 


110 


165 


mAdc 



CAPACITANCE (Ta = 25°C, periodically sampled rather than 100% tested.) 



Parameter 


Test Conditions 


Symbol 


Typ 


Unit 


Input Capacitance 


Vcc = 5.0 V, Vj n = 2.0 V, f = 1.0 MHz 


Cjn 


8.0 


pF 


Output Capacitance 


Vcc = 5.0 V, V out = 2.0 V, f = 1.0 MHz 


C ut 


10 


pF 



AC OPERATING CONDITIONS AND CHARACTERISTICS 


MCM76165 


MCM76165A 




(Full operating voltage and temperature) 


Oto +75°C 


Oto +75°C 




Characteristic 


Symbol 


Typ 


Max 


Typ 


Max 


Unit 


Address to Output Access Time 


tAA 


— 


50 


— 


35 


ns 


Chip Select Access Time 


tSA 


— 


25 


— 


25 


ns 


Chip Disable Access Time 


*DA 


- 


25 


— 


25 


ns 



NOTE: AC limits guaranteed for worst case l\|2 sequential with maximum test frequency of 5.0 MHz. 



Address 



Z>£E 



Output 



XEZ 



I ** I 



'3.0 V 
0.0 V 

VOH 

vol 



TIMING DIAGRAM 

CS 1 ,CS 2 1.5 vJc 



«DAi- 



Outputs 



l DA2- 



Outputs 



\3.0 V 
1.5 V 
0.0 V 




*VqlAC ar| d VqHAC are tne measured output voltage levels while enabled. 



VOLAC* 
t r , tf < 5.0 ns 



Symbol 


Parameter 


S1 


<AA 


Address Access Time 


Closed 


tEA! 


Chip Select Access Time from 
"Three State" to Voh 


Open 


tEA 2 


Chip Select Access Time from 
"Three State" to Vol 


Closed 


IDAt 


Chip Disable Access Time from 
Voh t0 "Three State" 


Open 


l DA 2 


Chip Disable Access Time from 
Vql to "Three State" 


Closed 



PROM 
Output °X O 




AC TEST LOAD 



O Test Point 



600 fl 



30 pF* 

•Includes jig & probe 
total capacitance 
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PROGRAMMING 

The PROMs are manufactured with all bits/outputs 
Logical "1" (Output High). Any desired bit/output can 
be programmed to a Logical "0" (Output Low) by fol- 
lowing the simple procedure shown below. One may 
build his own programmer to satisfy the specifications 
described in Table 1, or buy any of the commercially 
available programmers which meet these specifica- 
tions. These PROMs can be programmed automatically 
or by the manual procedure shown below. 



PROGRAMMING PROCEDURE 

1 . Address the PROM with the binary address of the 
selected word to be programmed. Address inputs 
are TTL-compatible. An open circuit should not 
be used to address the PROM. 

2. Disable the chip by applying input high (Vm) to 
the C3~ x input. U5 X input must remain at Vm for 
programming. The chip select is TTL-compatible. 
An open circuit should not be used to disable the 
chip. 

3. Disable the programming circuitry by applying an 
Output Voltage Disable of less than VrjpD t0 the 
output of the PROM. The output may be left open 
to achieve the disable. 

4. Raise Vcc to Vpn with rise time equal to t r . 

5. After a delay equal to or greater than t^, apply a 
pulse with amplitude of VrjpE arid duration of tp 



to the output selected for programming. Note that 
the PROM is supplied with fuses intact generating 
an output high. Programming a fuse will cause 
the output to go low in the verify mode. 

6. Other bits in the same word may be programmed 
while the Vcc input is raised to v>h by applying 
output enable pulses to each output which is to 
be programmed. The output enable pulses must 
be separated by a minimum interval of t,j. 

7. Lower Vcc to 4.5 Volts following a delay of td 
from the last programming enable pulse applied 
to an output. 

8. Enable the PROM for verification by applying a 
Logic "0" (V|l) to the CS X inputs. 

9. If any bit does not verify as programmed, repeat 
Steps 2 through 8 until the bit has received a total 
of 1.0 ms of programming time. Bits which do 
not program within 1.0 ms may be considered 
programming rejects. Multiple pulse of durations 
shorter than 1 .0 ms may be used to enhance pro- 
gramming speed. 

10. Repeat Steps 1 through 9 for all other bits to be 
programmed in the PROM. 

1 1 . Programming rejects returned to the factory must 
be accompanied by data giving address with de- 
sired and actual output data of a location in which 
a programming failure has occurred. 




TABLE 1 — PROGRAMMING SPECIFICATIONS 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


VlH 


Address Input 
Voltaged) 


2.4 
0.0 


5.0 
0.4 


5.0 
0.8 


V 
V 


VPH 
V PL 


Programming/Verify 
Voltage to Vcc 


11.75 
4.5 


12.0 
4.5 


12.25 
5.5 


V 
V 


'CCP 


Programming Voltage Current Limit 
with Vph Applied 


600 


600 


650 


mA 


tr 
tf 


Voltage Rise and 
Fall Time 


1.0 
.1.0 


1.0 
1.0 


10 
10 


MS 
MS 


td 


Programming Delay 


10 


10 


100 


/US 


t D 


Programming Pulse Width 


100 


— 


1000 


/XS 


DC 


Programming Duty Cycle 


— 


50 


90 


% 


VoPE 
VOPD 


Output Voltage 
Enable 
Disabled) 


10.0 
4.5 


10.5 
5.0 


11.0 
5.5 


V 
V 


'OPE 


Output Voltage Enable Circuit 


2.0 


4.0 


10 


mA 


ta 


Ambient Temperature 


- 


25 


75 


°C 



(1) Address and chip select should not be left open for Vm. 

(2) Disable condition will be met with output open circuit. 



9-33 



MCM76165/MCM76165A 



FIGURE 1 — TYPICAL PROGRAMMING WAVE FORMS 





Data-2 



Data-N 



Ai1 



J 17) 



AlOO— ■*" 



Ag 



A 8 < 



(19) 



(1) 



A7 0^ 



A 5 



A4 



A 3 < 



A 2 



A1 



A ( 



7 

Column 
Address 
Buffers 



1 of 128 
Column 
Decode 



(5) 



(6) 



(7) 



(8) 



(9) 



5 

Row 

Address 

Buffers 



1 of 32 

Row 

Decode 



csio! 16> 



CS 2 



(15) 



Chip 
Select 
Buffer 



MCM76165/165A BLOCK DIAGRAM 



128 

-y— ■* 



32 



Vcc = Pin 20 
Gnd = Pin 10 



16384-Bit 

Memory Array 

(128 x 128) 



128 



128 Transmission Gates 



1 of 32 
Decode 



1 of 32 
Decode 



1 of 32 
Decode 



4 Output Buffers 



(14) 



01 



(13) 
< 
02 



(12) 
( 
03 



1 of 32 
Decode 



(11) 



O4 
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MOTOROLA 



8x2 MULTIPORT REGISTER FILE 
(RAM) 

The MC10143 is an 8 word by 2 bit multiport register file (RAM) 
capable of reading two locations and writing one location simulta- 
neously. Two sets of eight latches are used for data storage in this 
LSI circuit. 

WRITE 

The word to be written is selected by addresses Arj-A2. Each bit 
of the word has a separate write enable to allow more flexibility in 
system design. A write occurs on the positive transition of the clock. 
Data is enabled by having the write enables at a low level when the 
clock makes the transition. To inhibit a bit from being written, the 
bit enable must be at a high level when the clock goes low and not 
change until the clock goes high. Operation of the clock and the bit 
enables can be reversed. While the clock is low a positive transition of 
the bit enable will write that bit into the address selected by Arj-A2. 

READ 

When the clock is high any two words may be read out simulta- 
neously, as selected by addresses Brj-B2 and Crj-C2, including the 
word written during the preceding half clock cycle. When the clock 
goes low the addressed data is stored in the slaves. Level changes on 
the read address lines have no effect on the output until the clock 
again goes high. Read out is accomplished at any time by enabling 
output gates (Bq-Bi), (C0--C1). 



tpd: 



Clock to Data out = 
(Read Selected) 

Address to Data out 
(Clock High) 



5 ns (typ) 
= 10ns (typ) 



Read Enable to Data out - 2.8 ns (typ) 

(Clock high. Addresses present) 
Pq = 610 mW/pkg (typ no load) 



TRUTH TABLE 


•MODE 


INPUT 


OUTPUT 


Write 


"Clock 


WE 


WEt 


°0 


Di 


RE B 


RE C 


QB 


m-[ 


QC 


QCt 


L-*H 


L 


L 


H 


H 


H 


H 


L 


L 


l_ 


L 


Read 


H 








<> 





L 


L 


H 


H 


H 


H 


Read 


H^L 














L 


L 


H 


H 


H 


H 


Read 


L->-H-H- 


H 


H 





<t> 


L 


L 


H 


H 


H 


H 


Write 


L"*H 


L 


L 


L 


H 


H 


H 


L 


L 


L 


L 


Read 


H 





* 





<t> 


L 


L 


'- 


H 


L 


H 



• •Note. 
•Note: 



Clock occurs sequentially through Truth Table 
AO-A2, BO-B2, and C0-C2 are all set to same adc 
throughout Table. 



MCM10143 



MECL 



8x2 MULTIPORT REGISTER 
FILE (RAM) 



F SUFFIX 

CERAMIC PACKAGE 
CASE 652 




L SUFFIX 

CERAMIC PACKAGE 
CASE 623 



PIN ASSIGNMENT 




w 




1 cz 


v cco v cc 


=1 24 


2 CZ 


QB, v CC1 


ID 23 


3 CZ 


QBq QC1 


ZD 22 


4 CZ 


re b qc 


n 21 


5 CZ 


B 2 RE C 


ZZ 20 


6 CZ 


B Clock 


Z3 19 


-1 CZ 


B1 C 2 


Z3 18 


8 CZ 


WE-, C 


Z3 17 


9 rzq 


WE C1 


Z2 16 


10 CZ 


D A, 


Z3 15 


1 1 CZ 


Di A 


ZD 14 


12 CZ 


V EE A 2 


Z2 13 
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BLOCK DIAGRAM 



REa O- 



B o o- 

Bl O- 



82 O- 



WE o- 
D o- 



Ao O- 
Al o- 
A2 O- 



WE, o- 
D, O- 



^ m- 



Read 
Decoder 



Write 

Amplifier 

BitO 



C O- 
C1 O- 
C 2 O- 



Write 

Amplifier 

Bit 1 



Read 
Decoder 



Multi- 
plexer 
B-bit 1 



_^j Multi- 
plexer 



Slave 
B-bit 1 



Slave 
B-bit 



8x1 

Master Latches 

BitO 



Master Latches 
Bit 1 



Multi- 
plexer 
C-bit 1 



Multi- 
plexer 
C-bit 



Slave 
C-bit 1 



Slave 
C-bit 



Output 

Gate 
B-bit 1 



Output 

Gate 
B-bit 



Output 

Gate 
C-bit 1 



Output 
Gate 
C-bit 



QCt 



R~Ef 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Valua 


Unit 


Power Supply Voltage (V<x "= 0) 


VEE 


-8 toO 


Vdc 


Base Input Voltage (Vcc * 0) 


Vin 


to Vee 


Vdc 


Output Source Current - Continuous 
- Surge 


'0 


<50 
< 100 


mAdc 


Junction Operating Temperature 


Tj 


< 165 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°c 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 



ELECTRICAL CHARACTERISTICS 





DC TEST VOLTAGE VALUES 
(Volts) 


Teat 
Temperature 


v IHmax 


v ILmin 


v IHAmin 


VlLAmax 


vee 


0°C 


-0.840 


-1.870 


-1.145 


-1.490 


-5.2 


+25°C 


-0.810 


-1.850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1.830 


-1.045 


-1.450 


-5.2 



ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shoyvn in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 



Characteristics 


Symbol 


o°c 


+25°C 


+75°C 


Unit 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Power Supply Drain Current 


"E 


- 


150 


- 


118 


150 


- 


150 


mAdc 


Input Current 
Pins 10, 11, 19 
All other pins 


'inH 


- 


245 
200 


- 


- 


245 
200 


- 


245 
200 


/uAdc 


Switching Times CD 
Read Mode 
Address Input 
Read Enable 
Data 
Setup 

Address 
Hold 

Address 
Write Mode 
Setup 


X B ±- Q8 + 

tRE-QB-l- 

tClock + QB- 


4.0 
1.1 
1.7 


15.3 
5.3 
7.3 


4.5 
1.2 
2.0 


10 
3.5 
5.0 


14.5 
5.0 
7.0 


4.5 
1.2 
2.0 


15.5 
5.5 
7.6 


ns 


tsetupfB-Clock-) 


_ 


_ 


8.5 


5.5 


_ 


_ . 


_ 


tholdlClock-B+l 


_ 


_ 


-1.5 


-4.5 


_ 


_ 


_ 


T setup (WE -Clock +) 

t setup(WE+Clock-) 

t setup(A -Clock + ) 

tsetuo(D -Clock +) 


- 


- 


7.0 
1.0 
8.0 
5.0 


4.0 
-2.0 
5.0 
2.0 


- 


- 


- 


Write Enable 

Address 
Data 
Hold 

Write Enable 

Address 

Data 
Write Pulse Width 
Rise Time, Fall Time 
(20% to 80%) 


t hold(Clock-WE+) 
thokKCIock+WE-) 
t hold(Clock + A+) 
thold(Clock + D+) 


- 


- 


5.5 
1.0 
1.0 
1.0 


2.5 
-2.0 
-3.0 
-2.0 


- 


- 


- 


PWwl 


- 


- 


8.0 


5.0 


- 


- 


- 


V tf 


1.1 


4.2 


1.1 


2.5 


4.0 


1.1 


4.5 




(T)aC timing figures do not show all the necessary presetting conditions. 
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READ TIMING DIAGRAMS 




Access (Clock High) B 



Enable 



*B-QB-t 



± 



L — __ ~jt B + QB + 



)C 



\ r 



^6-08+- -i 



Data 

(Address Selected) Q 



Setup and Hold 



r\ 



'RE+QB- 



FIGURE 1 



FIGURE 2 



} 



F 



; FIGURE 3 



y, 



)C 



tup -- — ^r*-- 



*hold - 



WRITE TIMING DIAGRAM 



"Y 



f 



f 



Enable Hold 

WE 



f 



Y 



WE 

Clock 

Pulse Width 

Clock 



f 



/ 



» 'setup 



>>t 



^r-w-y- 



3C 



X 



X 



X 



f 
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MC10H145 



Advance Information 



MECL 10KH HIGH-SPEED EMITTER-COUPLED LOGIC 

The MC10H145 isa member of Motorola's newMECL family. The 
MC10H145 is a 16 x 4 bit register file. The active-low chip select 
allows easy expansion. 

The operating mode of the register file is controlled by the WE 
input. When WE is "low" the device is in the write mode, the outputs 
are "low" and the d ata present at D n input is stored at the selected 
address, when WE is "high", the device is in the read mode — the 
data state at the selected location is present at the Q n outputs. 

• Address Access Time, 3.5 ns Typical 

• Power Dissipation, 700 mW Typical 

• Improved Noise Margin 1 50 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL 10K-Compatible 



MAXIMUM RATINGS 



Characteristic 


Symbol 


Rating 


Unit 


Power Supply (Vrjc = 0) 


VEE 


-8.0 to 


Vdc 


Input Voltage (Vcc = 0) 


V| 


OtoVrfE 


Vdc 


Output Current — Continuous 
— Surge 


'out 


50 
100 


mA 


Operating Temperature Range 


T A 


0to+75 


°C 


Storage Temperature Range — Plastic 
— Ceramic 


T stg 


-55 to +1 50 
-55 to +165 


°c 



ELECTRICAL CHARACTERISTICS (V EE = -5.2 V ± 5%) (See Note) 



Characteristic 


Symbol 


0° 


25° 


75° 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Current 


Ie 


- 


165 


- 


150 


- 


165 


mA 


Input Current High 


'inH 


- 


375 


- 


220 


- 


220 


ma 


Input Current Low 


! inL 


0.5 


- 


0.5 


- 


0.3 


- 


M A 


High Output Voltage 


VOH 


-1.02 


-0.84 


-0.98 


-0.81 


-0.92 


-0.735 


Vdc. 


Low Output Voltage 


V L 


-1.95 


-1.63 


-1.95 


-1.63 


-1.95 


-1.60 


Vdc 


High Input Voltage 


V|H 


-1.17 


-0.84 


-1.13 


-0.81 


-1.07 


-0.735 


Vdc 


Low Input Voltage 


V|L 


-1.95 


-1.48 


-1.95 


-1.48 


-1.95 


-1.45 


Vdc 


NOTE 
Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established. The circuit is in a test socket or mounted on a 
printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 
terminated through a 50-ohm resistor to -2.0 volts. 



This document contains information on a new product. Specifications and information herein are 
subject to change without notice. MECL, MECL 1 0K and MECL 1 0KH are trademarks of Motorola Inc. 



16x4 BIT REGISTER FILE 



P SUFFIX 

PLASTIC PACKAGE 
CASE 648 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



PIN ASSIGNMENT 



Qi C 


1 1 


QOC 


2 1 


esC 


3 1 


Did 


4 1 


D0Q 


5 1 


A3C 


6 1 


A2C 


7 1 


veeC 


8 



16 ^ v CC 

15 30.2 

14 ^ 03 

13 13 WE 

12 "Zi D3 

11 3 02 

10 3 ao 

9 3 A1 





TRUTH TABLE 








MODE 


INPUT 


OUTPUT 






CS 


WE 


Dn 


Qn 


Write "0" 


L 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 


<t> 


Q 


Disabled 


H 


<t> 


<*> 


L 




<t> = Don't Care 

Q-State of Addressed Cell 
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MC10H145 




AC PARAMETERS 







MC10H146 










Ta = to +75°C, 






Characteristics 


Symbol 


V EE = -5-2 Vdc ±5% 


Unit 


Conditions 


Min 


Max 


Read Mode; 








ns 


Measured from 50% of input to 50% of 


Chip Select Access Time 


tACS 


1.0 


4.0 




output. See Note 2. 


Chip Select Recovery Time 


«RCS 


1.0 


4,0 






Address Access Time 


»AA 


2.0 


6.0 






Write Mode 








ns 


tWSA = 3-5 ns 


Write Pulse Width 


t w 


4.0 


— 




Measured at 50% of input to 50% of 


Data Setup Time Prior to Write 


tWSD 





— 




output, tw - 4.0 ns. 


Data Hold Time After Write 


«WHD 


1.5 


— 






Address Setup Time Prior to Write 


«WSA 


3.5 


— 






Address Hold Time After Write 


tWHA 


0.5 


— 






Chip Select Setup Time Prior to Write 


twscs 





— 






Chip Select Hold Time After Write 


tWHCS 


1.5 


— 






Write Disable Time 


«WS 


1.0 


6.0 






Write Recovery Time 


«WR 


1.0 


6.0 






Chip Enable Strobe Mode 








ns 


Guaranteed but not tested on 


Data Setup Prior to Chip Select 


tcSD 





— 




standard product. See Figure 1 . 


Write Enable Setup Prior to Chip Select 


tCSW 





— 






Address Setup Prior to Chip Select 


tCSA 





— 






Data Hold Time After Chip Select 


tCHD 


1.0 


— 






Write Enable Hold Time After Chip Select 


tCHW 





— 






Address Hold Time After Chip Select 


»CHA 


2.0 


— 






Chip Select Minimum Pulse Width 


»CS 


10 


— 






Rise and Fall Time 


tr-tf 






ns 


Measured between 20% and 80% 


Address to Output 




0.7 


2.5 




points. 


CS to Output 




0.7 


2.5 






Capacitance 








pF 


Measured with a pulse technique. 


Input Capacitance 


C'm 


— 


6.0 






Output Capacitance 


c out 


— . 


8.0 







NOTES: 1 . Test circuit characteristics: Rj = 50 CI, MC1 0H1 45. C[_< 5.0 pF (including jig and Stray Capacitance). Delay should 
be derated 30 ps/pF for capacitive loads up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 

3. For proper use of MECL in a system environment, consult MECL System Design Handbook. 



FIGURE 1 — CHIP ENABLE STROBE MODE 
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MC10H145 



16x4 Bit Register File 
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MOTOROLA 



64-BIT REGISTER FILE 
(RAM) 

The MCM10145 is a 64-Bit RAM organized as a 16 x 4 array. 
This organization and the high speed make the MCM10145 particu- 
larly useful in register file or small scratch pad applications. Fully 
decoded inputs, together with a Chip enable, provide expansion 
of memory capacity. The Write Enable input, when low, allows 
data to be entered; when high, disables the data inputs. The Chip 
Select input when low, allows full functional operation of the 
device; when high, all outputs go to a low logic state. The Chip 
Select, together with open emitter outputs allow full wire-ORing 
and data bussing capability. On-chip input pulldown resistors 
allow unused inputs to remain open. 

• Typical Address Access Time = 10 ns 

• Typical Chip Select Access Time = 4.5 ns 

• Operating Temperature Range = 0° to +75°C 

• 50 kfl Pulldown Resistors on All Inputs 

• Fully Compatible with MECL 10,000 

• Pin-for-Pin Compatible with the F10145 
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MCM10145 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 




F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



PIN ASSIGNMENT 





w 




Q1 


v C c 


(Gnd) 


QO 




Q2 


CS 




Q3 


D1 




WE 


DO 




D3 


A3 




D2 


A2 




AO 


V E E 




A1 



PIN NOTATION 

CS 

AO thru A3 

DO thru D3 

QO thru Q3 

WE 



Chip Select Input 
Address Inputs 
Data Inputs 
Data Outputs 
Write Enable Input 



TRUTH TABLE 



MODE 


INPUT 


OUTPUT 




CS 


We 


D n 


Q n 


Write "0" 


L 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 





Q 


Disabled 


H 





<t> 


L 



i = Don't Care. 
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MCM10145 



FUNCTIONAL DESCRIPTION: 

The MCM10145 is a 16 word x 4-bit RAM. Bit selec- 
tion is achieved by means of a 4-bit address AO thru A3. 

The active-low chip select allows memory expansion up 
to 32 words. The fast chip select access time allows 
memory expansion without affecting system performance. 



The operating mode of the RAM (CS input low) is 
controlled by the WE input. With WE low the chip is 
in the write mode— the output is low and the data present 
at D n is stored at the selected address. With WE high the 
chip is in the read mode— the data state at the selected 
memory location is presented non-inverted at Q n - 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vqc = 0' 


v EE 


-8 toO 


Vdc 


Base Input Voltage (Vfjc = 0) 


Vin 


to Vee 


Vdc 


Output Source Current — Continuous 
- Surge 


•o 


< 50 
< 100 


mAdc 


Junction Operating Temperature 


Tj 


< 165 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 





DC TEST VOLTAGE VALUES 
(Volts) 


Test 
Temperature 


v IHmax 


v ILmin 


v IHAmin 


v ILAmax 


VEE 


0°C 


-0.840 


-1.870 


-1.145 


-1.490 


-5.2 


+25°C 


-0.810 


-1.850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1.830 


-1.045 


-1.450 


-5.2 




ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500linearfpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 



DC Characteristics 


Symbol 


MCM10145 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


lEE 




130 




125 




120 


mAdc 


Typ l EE @25°C =90 mA 
All outputs and inputs open. 
Measure pin 8. 


Input Current High 


'inH 




220 




220 




220 


pAdc 


Test one input at a time, all 
other inputs are open. 
V in =V|H. 


Input Current Low 


I in L 


0.5 




0.5 




0.3 




MAdc 


Test one input at a time, all 
other inputs are open. 
Vin-V| L . 


Logic "1" 

Output Voltage 


V H 


-1.000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 n to -2.0 V 


Logic "0" 

Output Voltage 


vol 


-1.870 


-1.665 


-1.850 


-1.650 


-1.830 


-1.625 


Vdc 


Logic "1" 

Threshold Voltage 


VOHA 


-1 ,020 


- ' 


-0.980 


- 


-0.920 


- 


Vdc 


Threshold testing is performed 
and guaranteed on one input at 
a time. V in = V| H A°r V ILA- 
Load 50 n to -2.0 V. 


Logic "0" 

Threshold Voltage 


v OLA 


- 


-1.645 


- 


-1.630 


- 


-1.605 


Vdc 



10-11 



MCM10145 



SWITCHING CHARACTERISTICS (T A 


= O'to +75°C, V EE = -5.2 Vdc ± 


5°; Output Load see Figure 1 ; see Note 2.) 


Characteristic 


Symbol 


Test Limits 


Unit 


Conditions 


Min 


Typ 


Max 


Read Mode 












See Figures 2 and 3. 


Chip Select Access Time 


tACS 


2.0 


4.5 


8.0 


ns 


Measured from 50% of input to 50% of 


Chip Select Recovery Time 


tRCS 


2.0 


5.0 


8.0 


ns 


output. See Note 1 . 


Address Access Time 


»AA 


4.0 


10 


15 


ns 




Write Mode 














Write Pulse Width 


t w 


8.0 


- 


- 


ns 


*WSA = 5 ns 


Data Setup Time Prior to Write 


tWSD 





-6.0 


- 


ns 


Measured at 50% of input to 50% of 


Data Hold Time After Write 


*WHD 


3.0 





- 


ns 


output. 


Address Setup Time Prior to Write 


tWSA 


5.0 


1.0 


- 


ns 


tyy = 8 ns. See Figure 4. 


Address Hold Time After Write 


*WHA 


1.0 


-3.0 


- 


ns 




Chip Select Setup Time Prior to Write 


twscs 





-5.0 


- 


ns 




Chip Select Hold Time After Write 


tWHCS 





-6.0 


- 


ns 




Write Disable Time 


*WS 


2.0 


5.0 


8.0 


ns 




Write Recovery Time 


*WR 


2.0 


5.0 


8.0 


ns 




Chip Enable Strobe Mode 














Data Setup Prior to Chip Select 


*CSD 





-6.0 


- 


ns 


Guaranteed but not tested on standard 


Write Enable Setup Prior to Chip 


tCSW 





-3.0 


- 


ns 


product. See Figure 5. 


Select 














Address Setup Prior to Chip Select 


*CSA 





-3.0 


- 


ns 




Data Hold Time After Chip Select 


«CHD 


2.0 


-1.0 


- 


ns 




Write Enable Hold Time After Chip 


«CHW 





-6.0 


- 


ns 




Select 














Address Hold Time After Chip Select 


<CHA 


4.0 


-1.0 


- 


ns 




Chip Select Minimum Pulse Width 


l CS 


18 


12 


- 


ns 




Rise and Fall Time 












Measured between 20% and 80% points. 


Address to Output 


tr.tf 


1.5 


3.0 


7.0 


ns 




CS to Output 


t r .tf 


1.5 


3.0 


5.0 


ns 




Capacitance 














Input Capacitance 


Cin 


- 


4.0 


6.0 


pF 




Output Capacitance 


^out 


- 


5.0 


8.0 


pF 





Notes: 

1 . The maximum Address Access Time i 

2. For proper use of MECL Memories in 



s guaranteed to be the worst-case bit in the memory. 

a system environment, consult MECL System Design Handbook. 



FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



Input Pulse 
t r = t f = 2.0 t 0.2 ns 
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All timing measurements referenced to 50% of input levels. 
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Delay should be derated 30 ps/pF for capacitive loads up to 50 pF 
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MCM10145 



FIGURE 2 - CHIP SELECT ACCESS TIME 



FIGURE 3 - ADDRESS ACCESS TIME 










FIGURE 4 - WRITE MODE 
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FIGURE 5 - CHIP ENABLE STROBE MODE 




10-13 



® 



MOTOROLA 



MCM10144 



256 x 1-BIT RANDOM ACCESS MEMORY 

The MCMT0144 is a 256 word x 1-bit Read/Write Random 
Access Memory. Data is accessed or stored by means of an 8-bit 
address decoded on chip. It has a non-inverting data out, a separate 
data in line and 3 active-low chip select lines. It has a typical access 
time of 17 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications. 

• Typical Address Access Time = 1 7 ns 

• Typical Chip Select Access Time = 4.0 ns 

• Operating Temperature Range = 0° to +75°C 

• Open Emitter Output Permits Wired-OR for Easy Memory 

Expansion 

• 50 kf2 Input Pulldown Resistors on Chip Select 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 

• Pin-for-Pin Replacement for F1 0410 



BLOCK DIAGRAM 
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L SUFFIX 

CERAMIC PACKAGE 
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F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



PIN ASSIGNMENT 




"out 
WE 



PIN NOTATION 

Chip Select Input 
,7 Address Inputs 

Data Input 
Data Output 
Write Enable Input 



TRUTH TABLE 



MODE 


INPUT 


OUTPUT 




CS* 


WE 


Din 


D oiit 


Write "0" 


L 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 


<t> 


Q 


Disabled 


H 


<t> 


<t> 


L 



*CS = CS1 + CS2 + CS3 = Don't Care. 
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MCM10144 



FUNCTIONAL DESCRIPTION: 

The MCM10144 is a 256 word x 1-bit RAM. Bit selec- 
tion is achieved by means of an 8-bit address AO thru A7. 

The active-low chip select allows memory expansion up 
to 2048 words. The fast chip select access time allows 
memory expansion without affecting system performance. 



The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode— the output is low and the data present 
at Dj n is stored at the selected address. With WE high the 
chip is in the read mode— the data state at the selected 
memory location is presented non-inverted at D out . 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vrx = 0) 


V EE 


-8to0 


Vdc 


Base Input Voltage (Vcc = 0) 


Vin 


to Vee 


Vdc 


Output Source Current - Continuous 
- Surge 


'0 


<50 
< 100 


mAdc 


Junction Operating Temperature 


Tj 


< 165 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 





DC TEST VOLTAGE VALUES 
(Volts) 


Test 
Temperature 


v IHmax 


VlLmin 


V|HAmin 


VlLAmax 


VEE 


0°C 


-0.840 


-1 .870 


-1.145 


-1 .490 


-5.2 


+25°C 


-0.810 


-1 .850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1 .830 


-1 .045 


-1 .450 


-5.2 




ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 



DC Characteristics 


Symbol 


MCM10144 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


lEE 




130 




125 




120 


mAdc 


Typ l EE @25°C =90mA 
All outputs and inputs open. 
Measure pin 8. 


Input Current High 


linH 




220 




220 




220 


MAdc 


Test one input at a time, all 
other inputs are open. 
V in =V| H . 


Input Current Low 


'inL 


0.5 




0.5 




0.3 




MAdc 


Test one input at a time, all 
other inputs are open. 
Vin = V| L . 


Logic "1 " 

Output Voltage 


V H 


-1.000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 n to -2.0 V 


Logic "0" 

Output Voltage 


VOL 


-1 .870 


-1.665 


-1.850 


-1 .650 


-1 .830 


-1.625 


Vdc 


Logic "1" 

Threshold Voltage 


v OHA 


-1 .020 


- 


-0.980 


- 


-0.920 


- 


Vdc 


Threshold testing is performed 
and guaranteed on one input at 
atime. V in = V| H A° r V ILA- 
Load 50 n to -2.0 V. 


Logic "0" 

Threshold Voltage 


v OLA 


- 


-1.645 


- 


-1 .630 


- 


-1 .605 


Vdc 
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MCM10144 



SWITCHING CHARACTERISTICS (T A = 0° to +75°C, V EE = -5.2 Vdc ± 5%; Output Load see Figure 1 ; see Note 1 & 3.) 



Characteristic 


Symbol 


Test Limits 


Unit 


' Conditions 


Min 


Typ 


Max 


Read Mode 












See Figures 2 and 3. 


Chip Select Access Time 


*ACS 


2.0 


4.0 


10 


ns 


Measured from 50% of input to 50% of 


Chip Select Recovery Time 


«RCS 


2.0 


4.0 


10 


ns 


output. See Note 2. 


Address Access Time 


*AA 


7.0 


17 


26 


ns 




Write Mode 














Write Pulse Width 


t w 


25 


6.0 


- 


ns 


*WSA = 8.0 ns 


Data Setup Time Prior to Write 


l WSD 


2.0 


-3.0 


- 


ns 


Measured at 50% of input to 50% of 


Data Hold Time After Write 


*WHD 


2.0 


-3.0 


- 


ns 


output. 


Address Setup Time Prior to Write 


*WSA 


8.0 





.- 


ns 


tw = 25 ns. See Figure 4. 


Address Hold Time After Write 


tWHA 


0.0 


-4.0 


- 


ns 




Chip Select Setup Time Prior to Write 


l WSCS 


2.0 


-3.0 


- 


ns 




Chip Select Hold Time After Write 


l WHCS 


2.0 


-3.0 


- 


ns 




Write Disable Time 


*WS 


2.5 


5.0 


10 


ns 




Write Recovery Time 


l WR 


2.5 


5.0 


10 


ns 




Rise and Fall Time 












Measured between 20% and 80% points. 


Output Rise and Fall Time 


t r -tf 


1.5 


3.0 


7.0 


ns 


When driven from Address inputs. 


Output Rise and Fall Time 


tr.tf 


1.5 


3.0 


5.0 


ns 


When driven from CS or WE inputs. 


Capacitance 














Input Capacitance 


C in 


- 


4.0 


5.0 


pF 




Output Capacitance 


C Q ut 


- 


7.0 


8.0 


P F 





Notes: (1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook. 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 2 - CHIP SELECT ACCESS TIME 






FIGURE 3 - ADDRESS ACCESS TIME 
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FIGURE 4 - WRITE MODE 
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MOTOROLA 



256 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10152 is a 256 word x 1-bit Read/Write Random 
Access Memory. Data is accessed or stored by means of an 8-bit 
address decoded on chip. It has a non-inverting data out, a separate 
data in line and 3 active-low chip select lines. It has a typical access 
time of 1 1 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications. 

• Typical Address Access Time = 1 1 ns 

• Typical Chip Select Access Time = 4.0 ns 

• Operating Temperature Range = 0° to +75°C 

• Open Emitter Output Permits Wired-OR for Easy Memory 

Expansion 

• 50 kS2 Input Pulldown Resistors on All Inputs 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 
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Amplifier 



32 x 8 

Memory Cell 

Array 



Bit Address Buffer/ 
1/8 Decoder 



s s 



10 11 
A 5 A6 



V cc = Pin 16 
V EE = Pin 8 



MCM10152 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 




F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



PIN ASSIGNMENT 


11= 


A0 V CC 


116 


2-cz: 


A1 D out 


115 


3 1 


A2 WE 


lid 


4C= 


A3 D in 


ZZH13 


S 1 


CS1 A7 


11? 


6 1 


CS2 A6 


111 


7 1 


CS3 A5 


11(1 


8C= 


V EE A4 


ZZI9 


PIN NOTATION 


CS Chip Select Input 


AO thru A7 Address Inputs 


Di n Data Input 


D out Data Output 


WE Write Enable Input 



TRUTH TABLE 



MODE 


INPUT 


OUTPUT 




CS* 


WE 


Din 


D out 


Write "O" 


L 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 





Q 


Disabled 


H 








L 



•CS » CS1 + CS2 + CS3 <t> = Don't Care. 
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FUNCTIONAL DESCRIPTION: 

The MCM10152is a 256 word x 1-bit RAM. Bit selec- 
tion is achieved by means of an 8-bit address AO thru A7. 

The active-low chip select allows memory expansion up 
to 2048 words. The fast chip select access time allows 
memory expansion without affecting system performance. 



The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode— the output is low and the data present 
at D m |S stored at the selected address. With WE high the 
chip is in the read mode-the data state at the selected 
memory location is presented non-inverted at D out . 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vqc = 0) 


VEE 


-8 toO 


Vdc 


Base Input Voltage (Vqc = 0) 


V in 


to Vee 


Vdc 


Output Source Current - Continuous 
— Surge 


>0 


< 50 
< 100 


mAdc 


Junction Operating Temperature 


Tj 


< 165 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 





DC TEST VOLTAGE VALUES 
(Volts) 


Test 
Temperature 


v IHmax 


V||_min 


v IHAmin 


v ILAmax 


vee 


0°C 


-0.840 


-1.870 


-1.145 


-1 .490 


-5.2 


+25°C 


-0.810 


-1 .850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1 .830 


-1.045 


-1 .450 


-5.2 




ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 



DC Characteristics 


Symbol 


MCM10152 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


Iee 




135 




130 




125 


mAdc 


Typ l EE @ 25°C =110mA 
All outputs and inputs open. 
Measure pin 8. 


Input Current High 


linH 




220 




220 




220 


MAdc 


Test one input at a time, all 
other inputs are open. 
Vin = V,H. 


Input Current Low 


l jn L 


0.5 




0.5 




0.3 




MAdc 


Test one input at a time, all 
other inputs are open. 
V in ^ V| L . 


Logic "1 " 

Output Voltage 


VOH 


-1.000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 n to -2.0 V 


Logic "0" 

Output Voltage 


vol 


-1.870 


-1.665 


-1.850 


-1.650 


-1.830 


-1.625 


Vdc 


Logic "1 " 

Threshold Voltage 


VOHA 


-1.020 


- 


-0.980 


- 


-0.920 


" 


Vdc 


Threshold testing is performed 
and guaranteed on one input at 
a. time. Vi„ = v |HA or V ILA- 
Load 50 n to -2.0 V. 


Logic "0" 

Threshold Voltage 


v OLA 


- 


-1.645 


- 


-1.630 


- 


-1 .605 


Vdc 
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SWITCHING CHARACTERISTICS (T A = 0° to +75°C, V EE = -5.2 Vdc t 5%; Output Load see Figure 1 ; seeNote 1 & 3.) 


Characteristic 


Symbol 


Test Limits 


Unit 


Conditions 


Min 


Typ 


Max 


Read Mode 












See Figures 2 and 3. 


Chip Select Access Time 


'ACS 


2.0 


4.0 


7.5 


ns 


Measured from 50% of input to 50% of . 


Chip Select Recovery Time 


l RCS 


2.0 


4.0 


7.5 


ns 


output. See Note 2. • 


Address Access Time 


*AA 


7.0 


11 


15 


ns 




Write Mode 














Write Pulse Width 


t w 


10 


6.0 


- 


ns 


'WSA = 5.0 ns 


Data Setup Time Prior to Write 


tWSD 


2.0 


-3.0 


- 


ns 


Measured at 50% of input to 50% of 


Data Hold Time After Write 


'WHD 


2.0 


-2.0 


- 


ns 


output. 


Address Setup Time Prior to Write 


tWSA 


5.0 


3.0 


- 


ns 


tyy = 10 ns. See Figure 4. 


Address Hold Time After Write 


tWHA 


3.0 





- 


ns 




Chip Select Setup Time Prior to Write 


«WSCS 


2.0 


-3.0 


- 


ns 




Chip Select Hold Time After Write 


<WHCS 


2.0 


-3.0 


- 


ns 




Write Disable Time 


<WS 


2.5 


5.0 


7.5 


ns 




Write Recovery Time 


l WR 


2.5 


5.0 


7.5 


ns 




Rise and Fall Time 












Measured between 20% and 80% points. 


Output Rise and Fall Time 


tr.tf 


1.5 


3.0 


5.0 


ns 




Capacitance 














Input Capacitance 


Hn 


- 


4.0 


5.0 


pF 




Output Capacitance 


Cout 


- 


7.0 


8.0 


pF 





Notes: (1 ) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook. 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT 



Vcc = Gnd 



1 



.CS1 CS2 CS3 

Ao 

Al 

A 2 

A3 

A 4 

A 5 

A6 D out 

A 7 



--in WE 



0.9 V r-j 




INPUT LEVELS 








r— 80% 

\ ?P°/ n 


-17V— j 






tr-*" 


— 




— 


h-tf 



R T* 



t r = tf = 2.0 ns typ. 

All timing measurements referenced to 50% of input levels. 

1 R T = 50 fi 

Cl ^jn C|_ =s 5.0 pF (including jig and stray capacitance) 

I Delay should be derated 30 ps/pF for capacitive load up to 50 pF 



2.0 V 



X 



0.1 mF 



6 - 5.2 Vdc 
VEE 
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FIGURE 2 - CHIP SELECT ACCESS TIME 






FIGURE 3 - ADDRESS ACCESS TIME 




Address 


_^ 




'AA * 




Dout 


X 




FIGURE 4 - WRITE MODE 
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Dout 
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MCM10415-15 
MCM10415-20 



1024 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10415 is a 1024-bit Read/Write Random Access Mem- 
ory organized 1024 words by 1 bit. Data is selected or stored by 
means of a 10-bit address (A0 through A9) decoded on the chip. 
The chip is designed with a separate data in line, a noninverting 
data output, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, con- 
trol, cache and buffer storage applications. 

• Address Access Time: MCM 1041 5-20 20 ns (Max) 

MCM10415-15 15 ns (Max) 

• Fully Compatible with MECL 10K710KH 

• Temperature Range of 0° to 75°C 

• Emitter-Follower Output Permits Full Wire-ORing 

• Power Dissipation Decreases with Increasing Temperature 



MECL 
1024-BIT RANDOM 
ACCESS MEMORY 



BLOCK DIAGRAM 



D out 
1 



Data Out 
Buffer 



A0 ■ 

A1 ■ 
A2- 
A3- 
A4 



-o o 
< ° 

•D Q 

li 



Chip 
Select 



Sense 
Amplifier 



32 x 32 

Memory Cell 
Array 



1/32 Bit Address 
Buffer/Decoder 



1 = 

< CD 

B £ 

if 



WE 



15 



Vee = Pin 8 

Vcc = Pin 16 



7 9 10 11 12 
A5 A6 A7 A8 A9 



KB 


rflni/V 


U n/] 


L SUFFIX 

CERAMIC PACKAGE 
CASE 620 




F SUFFIX 

CERAMIC PACKAGE 
CASE 650 


ORDERING INFORMATION 

Suffix Denotes 


MCM10415L15 
MCM10415F15 
MCM10415L20 
MCM10415F20 


— Ceramic Dual-in-Line Package 

— Ceramic Flat Package 

— Ceramic Dual-in-Line Package 

— Ceramic Flat Package 



PIN ASSIGNMENT 




\j - ■ 




1 cz 


Dout V CC 


=3 16 


2c= 


A0 D in 


=315 


3d 


A1 CS 


=3 14 


4CZ 


A2 WE 


=313 


5CZ 


A3 A9 


=312 


6C= 


A4 A8 


=3 11 


7 C= 


A5 A7 


=3 10 


8cd 


Vee A6 


=39 


PIN DESIGNATION 


CS Chip Select Input 


A0 to A9 Address Inputs 


Dj n Data Inputs 


D ou t Data Output 


WE Write Enable Input 



10-22 



MCM10415-15 • MCM10415-20 



FUNCTIONAL DESCRIPTION: 

This device is a 1024 x 1-bit RAM. Bit selection is 
achieved by means of a 10-bit address, A0 to A9. 

The active-low chip select is provided for memory 
expansion up to 2048 words. 

The operating mode of the R AM (CS input low) is 
controlled by the WE input. With WE low, the chip is in 
the write mode, the output, D ou t, is low and the data 
state present at D, n is stored at the selected address. 
With WE high, the chip is in the read mode and the data 
stored at the selected memory location will be pre- 
sented noninverted at D out . (See Truth Table) 

ABSOLUTE MAXIMUM RATINGS 



TRUTH TABLE 



MODE 


INPUT 


OUTPUT 




CS 


We 


°in 


D out 


Write "0" 


L 


l 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 


<t> 


Q 


Disabled 


H 


<t> 


4> 


L 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vcc = 0) 


V E E 


-8 to 


Vdc 


Base Input Voltage (Vrx = 0) 


V in 


to V E £ 


Vdc 


Output Source Current — Continuous 
— Surge 


io 


<50 
<100 


mAdc 


Junction Operating Temperature 


Tj 


<165 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°c. 





DC TEST VOLTAGE VALUES 
(Volts) 


Test 
Temperature 


v IHmax 


v ILmin 


VlHAmin 


VlLAmax 


VEE 


0°C 


-0.840 


- 1 .870 


-1.145 


- 1 .490 


-5.2 


+ 25°C 


-0.810 


- 1 .850 


-1.105 


-1.475 


-5.2 


+ 75°C 


-0.720 


-1.830 


- 1 .045 


- 1 .450 


-5.2 



<£ = Don't Care. 




ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been designed to meet the dc and ac specifications shown in the test table, after thermal 
equilibrium has been established. The circuit is in a test socket or mounted on a printed circuit board and transverse 
air flow greater than 500 Ifpm is maintained. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 



DC Characteristics 


Symbol 


MCM10415 Test Limits 


Unit 


Conditions 


0°C 


+ 25°C 


+ 75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain 
Current 


lEE 




150 


" 


145 


" 


125 


mAdc 


Typ I E e @ 25°C = 100 mA 
All outputs and inputs open. 
Measure Pin 8. 


Input Current High 


hnH 


" 


220 


~ 


220 


" 


220 


/xAdc 


Test one input at a time, all 
other inputs are open. 
Vin = V| H - 


Input Current Low 

(CSonly) 
Input Curent Low 

(All Others) 


'inL 


0.5 
-50 




0.5 
-50 




0.3 
-50 




/*Adc 


Test one input at a. time, all 
other inputs are open. 
Vin = V| L . 


Logic "1" 
Output Voltage 


VOH 


-1.000 


-0.840 


-0.960 


-0.810 


- 0.900 


-0.720 


Vdc 


Load 50 n to -2.0 V 


Logic "0" 
Output Voltage 


vol 


-1.870 


- 1 .665 


-1.850 


-1.650 


-1.830 


-1.625 


Vdc 


Logic "1" 
Threshold Voltage 


v OHA 


-1.020 


— 


-0.980 


— 


-0.920 


— 


Vdc 


Threshold testing is 
performed and guaranteed 
on one input at a time. 

Vin = viha ° r Vila- 

Load 50 n to -2.0 V. 


Logic "0" 
Threshold Voltage 


v OLA 


— 


-1.645 


— 


- 1 .630 


— 


- 1 .605 


Vdc 



10-23 



MCM10415-15 • MCM10415-20 




Guaranteed with Vgg = - 5.2 Vdc ± 5.0%, Tfi, = 0°C to 75°C {see Note 1 ). Output Load see 


Figure 1. 


Characteristic 


Symbol 


MCM 1041 5-20 


MCM 1041 5-1 5 


Unit 


Conditions 


Min 


Max 


Min 


Max 


Read Mode 














See Figures 2 and 3. 


Chip Select Access Time 


*ACS 


— 


8.0 


— 


7.0 


ns 


Measured at 50% of input to 50% of 
output. 


Chip Select Recovery Time 


{ RCS 


— 


8.0 


— 


7.0 


ns 


See Note 2. 


Address Access Time 


*AA 


— 


20 


— 


15 


ns 




Write Mode 














See Figure 4. 


Write Pulse Width 


tw 


14 


— 


12 


— 


ns 


tWSA = 30 ns — MCM 1041 5-20 


(To guarantee writing) 














*WSA = 2.0 ns — MCM10415-15 
Measured at 50% of input to 50% of 
output. 


Data Setup Time Prior to Write 


l WSD 


3.0 


— 


2.0 


— 


ns 




Data Hold Time After Write 


tWHD 


3.0 


— 


1.0 


— 


ns 




Address Setup Time Prior to Write 


tWSA 


3.0 


— 


2.0 


— 


ns 


tw = 14 ns — MCM10415-20 
tw = 12 ns — MCM10415-15 


Address Hold Time After Write 


*WHA 


3.0 


— 


1.0 


— 


ns 




Chip Select Setup Time Prior to Write 


twscs 


3.0 


— 


2.0 


— 


ns 




Chip Select Hold Time After Write 


tWHCS 


3.0 


— 


1.0 


— 


ns 




Write Disable Time 


*WS 


— 


8.0 


— 


7.0 


ns 




Write Recovery Time 


*WR 


— 


8.0 


— 


7.0 


ns 




Rise and Fall Time 














Measured between 20% and 80% 
points. 


Output Rise and Fall Time 


tr-tf 


1.5 


4.0 


1.5 


4.0 


ns 


When driven from CS or WE inputs. 


Output Rise and Fall Time 


tr-tf 


1.5 


8.0 


1.5 


8.0 


ns 


When driven from Address inputs. 


Capacitance 














Measured with a pulse technique. 
See Note 4. 


Input Lead Capacitance 


C'm 


— 


5.0 


— 


5.0 


pF 




Output Lead Capacitance 


C ut 


— 


8.0 


— 


8.0 


pF 





Notes: 

(1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a System environment, consult: "MECL System Design Handbook.' 

(4) Typical ratings are 3.0 pF for Cj n and 5.0 pF for C ou t. 

FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 



0.01 fjiF 



TESTING CONDITIONS 

GND9 

16 



1 



MCM 1041 5 



A0 CS V CC WE 

A1 

A2 

A3 

A4 

A5 D °ut 

A6 

A7 

A8 

A9 V EE 




-0.9 V 
1.7 V- 



INPUT LEVELS 



INPUT LEVELS 



7 



t r = tf = 2.6 ns Typ. -•- 




AH Timing Measurements Referenced to 50% of Input Levels 
C|_ =£ 5.0 pF including Jig and Stray Capacitance 
R-p = 50 ft 

For Capacitance Loading =s 50 pF, Delay Should be 

Derated by 30 ps/pF 
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Advance Information 



256 x 4-BIT RANDOM ACCESS MEMORY 

The MCM10422 is a high-speed 1024-bit Read/Write RAM or- 
ganized 256 words by 4 bits, designed for high speed scratch pad, 
control, cache, and buffer storage applications. Four independent 
active-low Block Selects permit use in 1024 x 1 and 512 x 2-bit 
applications. It has full address decoding on chip, separate data 
inputs, noninverting data outputs, and an active-low Write Enable. 

• Address Access Time: 

MCM10422-15 15 ns (Max) 
MCM10422-10 10 ns (Max) 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10K and 10KH 

• Operating Temperature Range 0°C to 75 C C 

• Four Independent Block Selects 

• Emitter-Follower Outputs Permits Full Wire-OR'ing 

• Standard 24-Pin, 400 Mil Wide, Dual In-Line Package 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vqc ~ °> 


VEE 


-8 to 


Vdo 


Base Input Voltage (Vcc = 0) 


Vin 


to Vg E 


Vdc 


Output Source Current 


'O 


<50 


mAdc 


Junction Operating Temperature 


Tj 


< 165 


°C 


Storage Temperature Range 


Tstfl 


-65 to +150 


°C 



BLOCK DIAGRAM 




WE D1 BS2 Q2 D3 BS4 Q4 






BS1 


Q1 


D2 


BS3 


Q3 


D4 










8 |3 


6 |2 




» I 


4 


|20 


18 |21 


22 |19 


23 

/ 






Write Enable 
Buffer 


Sense Amp/ 
Data Buffer 




Sense Amp 
Data Buffer 




Sense Amp/ 
Data Buffer 




Sense Amp 
Data Buffe 






i ' 


' i " 


i ' 


I 




t 


i 
1' 










1- 


' 


' 


13 
A0 — 

14 
A1 

15 
A2 

16 
A3 


0) fl) 

< « 

CM 3 


— •» 


Block 1 

32x8 
Memory 
Cell Array 


Block 2 

32x8 
Memory 
Cell Array 


Block 3 

32x8 
Memory 
Cell Array 


Block 4 

32x8 
Memory 
Cell Array 




t t t 








17 
A4 


"^ 




1/8 Column Address Buffer/Decoder 






19 ho In 


V 
V 
V 


cc - 

CCO = 
EE = 


Pin 24 

Pin 1 

Pin 12 






A 


5 










A 


6 










1 

A7 





MCM10422-10 
MCM10422-15 



MECL 

256 x 4-BIT RANDOM 
ACCESS MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 748-01 
ORDERING INFORMATION 

Suffix Denotes 
MCM10422L10 — Ceramic Dual-in-Line Package 
MCM10422L15 — Ceramic Dual-in-Line Package 



PIN ASSIGNMENT 



v cco 


v C c 


Q1 
BS1 


Q4 
BS4 


Q2 
BS2 


Q3 
BS3 


D1 


D4 


D2 


D3 


WE 


A4 


A5 


A3 


A6 


A2 


A7 


A1 


VEE 


A0 



24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 



PIN DESIGNATION 



BS1 
A0 



— BS4 

— A7 
Din 

Q out 

WE 



Block Select Inputs 
Address Inputs 
Data Inputs 
Data Outputs 
Write Enable Input 



TRUTH TABLE 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 



MODE 


INPUT 


OUTPUT 




BSn 


WE 


Din 


Qout 


Write "0" 


L 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 


<t> 


Q 


Block 
Disabled 


H 


<t> 


<t> 


L 


Don't Care NOTE: Blocks Enable Independently 
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FUNCTIONAL DESCRIPTION. 

This device is a 256 x 4-bit RAM. Word selection is 
achieved by means of an 8-bit address, A0-A7. 

The operating mode of each block (BS n input low) is 
controlled by the WE input. With WE low, the block is 
in the write mode, the output Q ou t is low and the data 
state present at Dj n is stored at the selected address in 
block n. With WE high, the block is in the read mode 
and the data stored at the selected memory location 
will be presented non-inverted at Q ou t. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 





DC TEST VOLTAGE VALUES 
(Volts) 


Test 
Temperature 


v IHmax 


v ILmin 


v IHAmin 


VlLAmax 


vee 


0°C 


-0.840 


- 1 .870 


-1.145 


-1.490 


-5.2 


+ 25°C 


-0.810 


-1.850 


-1.105 


- 1 .475 


-5.2 


+ 75°C 


-0.720 


-1.830 


-1.045 


-1.450 


-5.2 



The independent, active-low Block Selects and the 
wire-OR capability of the emitter-follower outputs per- 
mit use as a 1024 x 1 or 512 x 2-bit RAM. For example, 
for use as a 1024 x 1-bit RAM tie all Dj n inputs together 
to form a single Dj n , wire-OR the Q ou t lines together 
to form a single Q ou t line, and drive the Block Selects 
with a 1-of-4 low decoder. 



ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been 
designed to meet the dc and ac speci- 
fications shown in the test table, after 
thermal equilibrium has been estab- 
lished. The circuit is in a test socket or 
mounted on a printed circuit board and 
transverse air flow greater than 500 Ifpm 
is maintained. Outputs are terminated 
through a 50-ohm resistor to -2.0 volts. 



DC Characteristics 


Symbol 


MCM10422 Test Limits 


Unit 


Conditions 


0°C 


+ 25°C 


+ 75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


lEE 


— 


200 


— 


195 


— 


185 


mAdc 


All outputs and inputs open. 
Measure Pin 12. 


Input Current High 


linH 




220 




220 




220 


/uAdc 


Test one input at a time, all . 
other inputs are open. 
v in ; = V|H(max) 


Input Current Low 
(Block Selects) 


linL 


0.5 


— 


0.5 


— 


0.5 


— 


/uAdc 


Test one input at a time, all 
other inputs are open. 
v in = V|L(min) 


Input Current Low* 


linL 


-50 


— 


-50 


— 


-50 


.— 


IxAdc 


Logic "1" 
Output Voltage 


VOH 


-1.000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50nto -2.0 V 


Logic "0" 
Output Voltage 


VOL 


-1.870 


-1.665 


- 1 .850 


-1.650 


- 1 .830 


-1.625 


Vdc 


Logic "1" 
Threshold Voltage 


VOHA 


-1.020 


— 


-0.980 


— 


-0.920 


— 


Vdc 


Threshold testing is 
performed and guaranteed 
on one input at a time. 
Vin = V|HA or V| LA . 
Load 50 n to -2.0 V. 


Logic "0" 
Threshold Voltage 


VOLA 


— 


- 1 .645 


— 


-1.630 


■ 


-1.605 


Vdc 



•Minimum limit equals the maximum negative current the driving circuitry will be required to sink. 



Package 


0JA (Junction to Ambient) 


«JC 
(Junction to Case) 


Blown* 


Still 


L Suffix 


35°C/W 


55°C/W 


15°C/W 



•600 linear ft. per minute blown air. 
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MCM10422 



FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 



TESTING CONDITIONS 

GNDO 



AO BS n V CC WE 

A1 

A2 Din — 

A3 



MCM10422 



VEE 



0.01 fiF 



-5.2 V 



Qout 



INPUT LEVELS 



INPUT LEVELS 



Rl 



C L ?r 



6 
-2.0 V 



-0.9 V 
-1 



_7 

7 V 3 



-t r = tf = 2.0 ns Typ- 




All Timing Measurements Referenced to 50% of Input Levels 
C(. = 30 pF Capacitance Includes Scope And Test Fixture. 

Rl = so n 

Delay Should be Derated by 30 ps/pF for Capacitive Loading 
Up To 50 pF. 



AC OPERATING CONDITIONS AND CHARACTERISTICS 

Guaranteed with VgE = -5.2 Vdc ±5.0%, Ta = 0°C to 75°C (see Note 1). Output Load see Figure 1. 



Characterstic 


Symbol 


MCM10422-15 


MCM10422-10 


Unit 


Conditions 


Min 


Max 


Min 


Max 


Read Mode 














See Figures 2 and 3. 


Block Select Access Time 


*ABS 


— 


6.0 


— 


5.0 


ns 


Measured at 50% of input 


Block Select Recovery Time 


tRBS 


— 


6.0 


— 


5.0 


ns 


to 50% of output. 


Address Access Time 


*AA 


— 


15 


— 


10 


ns 


See Note 1. 


Write Mode 














See Figure 4. 


Write Pulse Width 


t W 


10 


— 


7.0 


— 


ns 


*WSA = 2.0 ns. MCM10422-15 


(To guarantee writing) 














tWSA = 1-0 ns MCM10422-10 
Measured at 50% of input 
to 50% of output. 


Data Setup Time Prior to Write 


*WSD 


1.0 


— 


1.0 


— 


ns 




Data Hold Time After Write 


*WHD 


4.0 


— 


2.0 


— 


ns 




Address Setup Time Prior to Write 


tWSA 


2.0 


— 


1.0 


— 


ns 


tw = 10 ns MCM 10422-1 5 
tyy = 7.0 ns MCM10422-10 


Address Hold Time After Write 


»WHA 


3.0 


— 


2.0 


— 


ns 




Block Select Setup Time Prior to Write 


tWSBS 


2.0 


— 


1.0 


— 


ns 




Block Select Hold Time After Write 


tWHBS 


3.0 


— 


2.0 


— 


ns 




Write Disable Time 


*WS 


— 


5.0 


— 


5.0 


ns 




Write Recovery Time 


*WR 


— 


9.0 


— 


9.0 


ns 




Rise and Fall Time 
Output Rise and Fall Time 


tr.tf 


TYPICAL 


ns 


Measured between 20% and 80% 
points. 


2.0 


Capacitance 
Input Lead Capacitance 


Cin 


TYPICAL 


pF 
pF 


Measured with a pulse technique. 




5.0 




Output Lead Capacitance 


Cout 




5.0 







(1) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(2) For proper use of MECL Memories in a system environment, consult: "MECL System Desip,n 
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MCM 10422 



FIGURE 2 — BLOCK SELECT ACCESS TIME 



Block Select 



Data Output 




BS„' 



V / 



tABS 



iout n 



Jf 50%\ 



* tRBS 



FIGURE 3 — ADDRESS ACCESS TIME 



Address Input 
Data Output 






A 


_^L .___ 






h» tAA • 




Qout n 


X- 



FIGURE 4 — WRITE STROBE MODE 



Data Output 



Address Input A 



X 



Block Select BS n 



Data Input 



Write Enable WE 



IX 



3d 



3C 



\- /■ 



■*-twSD-» 
tWSBS 



*WSA 



tw 



tWHD 



*■■ tWHBS 



■* <WHA 

-♦-tWR-H 



\i F 



*-<ws-* 
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MOTOROLA 



Advance Information 



4096 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10470 is a 4096-bit Read/Write RAM organized for 
4096 words by 1 bit. Data is selected or stored by means of a 12- 
bit address (AO through A11) decoded on the chip. The chip is 
designed with a separate data-in line, a noninverting data output, 
and an active-low chip select. 

This device is designed for use in high-speed scratch pad, con- 
trol, cache and buffer storage applications. 

• Fully Compatible with MECL 10K/10KH 

• Pin-for-Pin Compatible with the Industry's Standard 10470 

• Temperature Range of 0° to 75°C 

• Emitter-Follower Output Permits Full Wire-ORing 

• Power Dissipation Decreases with Increasing Temperature 

• Address Access Time: MCM 10470-25 25 ns (Max) 

MCM10470-15 15 ns (Max) 



ABSOLUTE MAXIMUM RATINGS 



BLOCK DIAGRAM 



Data Out 
Buffer 



^ 3 



Chip 
Select 



Sense 
Amplifier 



64 x 64 

Memory Cell 

Array 



1/64 Bit Address 
Buffer/Decoder 



5 " 



V EE - Pin 9 
V cc -Pin 18 



10 11 |12 13 14 
7 A8 A9 A10 A11 



MCM10470-15 
MCM10470-25 



MECL 



4096x1 -BIT 
RANDOM ACCESS MEMORY 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vfjc = 0) 


vee 


-8.0 to 


Vdc 


Base Input Voltage (Vrjc = 0) 


Vin 


o to Vg£ 


Vdc 


Output Source Current 


'O 


-30 


mAdc 


Junction Operating Temperature 


Tj 


« 165 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


o C 



F SUFFIX 

CERAMIC PACKAGE 
CASE 747-01 





L SUFFIX 

CERAMIC PACKAGE 
CASE 680-06 



ORDERING INFORMATION 

Suffix Denotes 
MCM10470L15 — Ceramic Dual-in-Line Package 
MCM10470F15 — Ceramic Flat Package 
MCM10470L25 — Ceramic Dual-in-Line Package 
MCM10470F25 — Ceramic Flat Package 





PIN ASSIGNMENT 


1C= 


Dou^ V CC 


=3 18 


2-C= 


A0 D in 


=3 17 


3t= 


A1 CS 


=3 16 : 


4c 


A2 WE 


=3 15 


5cr 


A3 A1 1 


=3 14 


,6.c= 


A4 A10 


=3 13 


•7C= 


A5 A9 


=3 12 


8t= 


A6 A8 


=3 11 


9c= 


V EE A7 


=3 10 


F 


•IN DESIGNATIOI 


yi 


CS Chip Select 


A0-A11 Address Inputs 


WE Write Enable 


Dj n Data Input 


D out Data Output 



TRUTH TABLE 



This document contains information on a new product Specification! and information herein are 
subject to change without notice. 



MODE 


INPUT 


OUTPUT 




CS 


WE 


Din 


Dout 


Write "0" 


L 


L 


L 


L 


Write "1" 


L 


U 


H 


L 


Read 


L 


H 


<t> 


Q 


Disabled 


H 


<t> 


<t> 


L 


4> = Irrelevant 



10-29 




MCM 10470 



FUNCTIONAL DESCRIPTION: 

This device is a 4096 x 1-bit RAM. Bit selection is achieved by 
means of a 12-bit address, A0 to A1 1. 

The active-low chip select is provided for memory expansion. 

The operating mode of the RAM (C5 input low) is controlled by 
the WE input. With WE low, the chip is in the write mode, the out- 
put, D ou t, is low and the data state present at Dj n is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non- 
inverted at D ou t. (See Truth Table) 

DC OPERATING CONDITIONS AND CHARACTERISTICS 





DC TEST VOLTAGE VALUES 
(Volts) 


Tast 
Temperature 


v IHmax 


v ILmin 


VlHAmin 


v ILAmax 


V E E 


0°C 


-0.840 


-1 .870 


-1.145 


-1.490 


-5.2 


+25°C 


-0.810 


-1 .850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1 .830 


-1.045 


-1.450 


-5.2 



ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been designed 
to meet the dc and ac specifications shown in 
the test table, after thermal equilibrium has 
been established. The circuit is in a test socket 
or mounted on a printed circuit board and trans- 
verse air flow greater than 500 Ifpm is main- 
tained. Outputs are terminated through a 50- 
ohm resistor to -2.0 volts. 



DC Characteristics 


Symbol 


MCM10470 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 
MCM10470 
MCM10470A 


lEE 


- 


205 
205 


- 


200 
200 


- 


190 
190 


mAdc 


All outputs and inputs open. 
Measure Pin 9. 


Input Current High 


linH 




220 




220 




220 


MAdc 


Test one input at a time, all 
other inputs are open. 
v in = v IH(max)- 


Input Current Low 
Chip Select 


linL 


0.5 


- 


0.5 


- 


0.3 


- 


MAdc 


Test one input at a time, all 
other inputs are open. 
Vin = v IL(min)- 


Input Current Low* 


linL 


-50 


- 


-50 


- 


-50 


- 


MAdc 


Logic "1 " 

Output Voltage 


V H 


-1 .000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 n to -2.0 V 


Logic "0" 

Output Voltage 


VOL 


-1 .870 


-1.665 


-1 .850 


-1 .650 


-1 .830 


-1.625 


Vdc 


Logic "1" 

Threshold Voltage 


v OHA 


-1 .020 


- 


-0.980 


- 


-0.920 


- 


Vdc 


Threshold testing is performed 
and guaranteed on one input at 

atime. V in = Vihaoi- Vila- 
Load 50 n to -2.0 V. 


Logic "0" 

Threshold Voltage 


VOLA 


- 


-1 .645 


- 


-1 .630 


- 


-1 .605 


Vdc 



' Minimum limit equals the maximum negative current the driving circuitry will be required to link. 
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MCM 10470 



FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 



TESTING CONDITIONS 

GNDO 



H l 




INPUT LEVELS 



INPUT LEVELS 



-0.9 V Jc 

-1.7 V 3 " 



X 



80% 
20% 



■ t r = tf = 2.0 ns Typ. -*- 



All Timing Measurements Referenced to 50% of Input Levels 
C|_ < 5.0 pF Including Jig and Stray Capacitance 
R-r - 50 n 

Delay Should be Derated by 30 ps/pFfor Capacltive Loading 

Up To 50 pF. 




AC OPERATING CONDITIONS AND CHARACTERISTICS 

Guaranteed with Vg£ = -5.2 Vdc ± 5.0%, Ta = 0°C to 75°C (see Note 1). Output Load see Figure 1. 



Characteristic 


Symbol 


MCM 10470-25 


MCM10470-15 


Unit 


Conditions 


Min 


Max 


Min 


Max 


Read Mode 














See Figures 2 and 3. 


Chip Select Access Time 


tACS 


— 


10 


— 


8.0 


ns 


Measured at 50% of input to 50% 


Chip Select Recovery Time 


tRCS 


— 


10 


— 


8.0 


ns 


of output. 


Address Access Time 


*AA 


— 


25 


— 


15 


ns 


See Note 2. 


Write Mode 














See Figure 4. 


Write Pulse Width 


tyy 


25 


— 


15 


— 


ns 


*WSA = 3.0 ns MCM 10470-25 


(To guarantee writing) 














tWSA = 3.0 ns MCM10470-15 
Measured at 50% of input to 50% of 
output. 


Data Setup Time Prior to Write 


twSD 


2.0 


— 


2.0 


— 


ns 




Data Hold Time After Write 


*WHD 


2.0 


— 


2.0 


— 


ns 




Address Setup Time Prior to Write 


tWSA 


3.0 


— 


3.0 


— 


ns 


tyy = 25 ns MCM 10470-25 
tw = 15 ns MCM10470-15 


Address Hold Time After Write 


*WHA 


2.0 


— 


2.0 


— 


ns 




Chip Select Setup Time Prior to Write 


twscs 


2.6 


— 


2.0 


— 


ns 




Chip Select Hold Time After Write 


tWHCS 


2.0 


— 


2.0 


— 


ns 




Write Disable Time 


tws 


— 


10 


— 


8.0 


ns 




Write Recovery Time 


tWR 


— 


10 


— 


8.0 


ns 




Rise and Fall Time 




Typical 




Measured between 20% and 80% 
points. 








Output Rise and Fall Time 


t r ,tf 




2.0 




ns 




Capacitance 
Input Lead Capacitance 


Cin 


Typical 


PF 


Measured with a pulse technique. 




3.0 




Output Lead Capacitance 


e out 




5.0 




pF 





Notes: 

(1) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook." 
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MCM 10470 



FIGURE 2 - CHIP SELECT ACCESS TIME 



Chip Select 



Data Output 




\ 50% A 



<ACS * •» 



* *- * *RCS 

yf 50% \ 



FIGURE 4 - WRITE STROBE MODE 



Address Input 



Chip Select CS 



Data Input Dj n 



X 







FIGURE 3 - ADDRESS ACCESS TIME 


Address Input 
Data Output 






A 


)| 


( 50% 
















D Out 


) 


f 50% 







Write Enable WE 



Data Output Oout 



3C 




J( 



K 



*— <WSD- 

tyvscs 



/ 



»WHCS 



tws 



r 
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MOTOROLA 



Advance Information 



1024 x 4-BIT RANDOM ACCESS MEMORY 

The MCM10474 is a 4096-bit Read/Write RAM organized for 
1024 words by 4 bits. Data is selected or stored by means of a 10- 
bit address (A0 through A9) decoded on the chip. The chip is 
designed with 4 separate data-in lines, 4 noninverting data out- 
puts, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, con- 
trol, cache and buffer storage applications. 

• Fully Compatible with MECL 10K/10KH 

• Pin-for-Pin Compatible with the Industry's Standard 10474 

• Temperature Range of 0° to 75°C 

• Emitter-Follower Output Permits Full Wire-ORing 

• Power Dissipation Decreases with Increasing Temperature 

• Address Access Time: MCM 10474-25 25 ns (Max) 

MCM10474-15 15 ns (Max) 

• Chip Select Access Time: MCM10474-25 10 ns (Max) 

MCM10474-15 8.0 ns (Max) 



ABSOLUTE MAXIMUM RATINGS 



BLOCK DIAGRAM 

A6 A7 A8 A9 

2 J ? ? 



Y Decoder/Driver 



A0O- 



A1 O- 



A2 O- 



A3 0- 



A4 0- 



A5 0- 



Memory Cell Array 
I 
I 



cs o- 

WEO- 



Sense Amp and Write Drivers 



D1 Q1 D2 Q2 D3 Q3 D4 Q4 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 



MCM10474-15 
MCM10474-25 



MECL 

1024 x 4 BIT 
RANDOM ACCESS MEMORY 



L SUFFIX 

CERAMIC PACKAGE 
CASE 748-01 




ORDERING INFORMATION 

Suffix Denotes 

MCM10474L15— Ceramic Dual-in-Line Package 
MCM10474L25— Ceramic Dual-in-Line Package 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vrx = 0) 


vee 


- 8.0 to 


Vdc 


Base Input Voltage (Vrjc = 0) 


Vin 


o to Vee 


Vdc 


Output Source Current 


io 


<50 


mAdc 


Junction Operating Temperature 


Tj 


« 165 


°C 


Storage Temperature Range 


T stg 


-65 to +150 


°C 



PIN ASSIGNMENT 




1 cc 


vcco V CC 


CD 24 


2cr 


Q3 Q2 


CD 23 


3c: 


Q4 Q1 


=3 22 


4c: 


A0 D4 


CD 21 


5.c= 


A1 D3 


CD 20 


6cz: 


A2 D2 


en 19 


7C 


A3 D1 


=3 18 


8c 


A4 CS 


CD 17 


9C=I 


A5 WE 


=3 16 


10 cz 


NC A9 


=3 15 


11 c= 


A6 A8 


CD 14 


12 = 


V E e A7 


=3 13 


F 


>IN DESIGNATIOr 


4 


CS Chip Select 


A0-A9 Address Inputs 


WE Write Enable 


Dj n Data Input 


Qout Data Output 



TRUTH TABLE 



MODE 


INPUT 


OUTPUT 




CS 


WE 


Din 


Dout 


Write "0" 


L. 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 





DO 


Disabled 


H 


« 





L 


4> = Irrelevant 
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MCM 10474 



FUNCTIONAL DESCRIPTION: 

This device is a 1024 x 4-bit RAM. Bit selection is achieved by 
means of a 10-bit address, A0 to A9. 

The active-low chip select is provided for memory expansion. 

The operating mode of the RAM (CS input low) is controlled 
by the WE input. With WE low, the chip is in the write mode, the 
output, O-out' ' s ' ow **rid the data state present at Dj n is stored at 
the selected address. With WE high, the chip is in the read mode 
and the data stored at the selected memory location will be pre- 
sented noninverted at Q ou t- (See Truth Table) 

DC OPERATING CONDITIONS AND CHARACTERISTICS 





DC TEST VOLTAGE VALUES 
(Volts) 


Test 
Temperature 


v IHmax 


v ILmin 


VlHAmin 


VlLAmax 


VEE 


O^C 


-0.840 


-1.870 


-1.145 


-1.490 


-5.2 


+25°C 


-0.810 


-1.850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1.830 


-1 .045 


-1.450 


-5.2 



ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been designed 
to meet the dc and ac specifications shown in 
the test table, after thermal equilibrium has 
been established. The circuit is in a test socket 
or mounted on a printed circuit board and trans- 
verse air flow greater than 500 Ifpm is main- 
tained. Outputs are terminated through a 50- 
ohm resistor to -2.0 volts. 



. DC Characteristics 


Symbol 


MCM 10474 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


lEE 




200 




195 




185 . 


mAdc 


All outputs and inputs open. 
Measure Pin 12. 


Input Current High 


linH 




220 




220 




220 


MAdc 


Test one input at a time, all 
other inputs are open. 
Vin v IH(max)- 


Input Current Low 
Chip Select 


'inL 


0.5 


- 


0.5 


- 


0.3 




^Adc 


Test one input at a time, all 
other inputs are open, 
Vin v IL(min)' 


Input Current Low* 


'in-.L 


-50 


- 


-50 




-50 


- 


MAdc 


Logic "1" 

Output Voltage 


VOH 


-1 .000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 U to -2.0 V 


Logic "0" 

Output Voltage 


vol 


-1 .870 


-1.665 


-1 .850 


-1.650 


-1.830 


-1.625 


Vdc 


Logic "1" 

Threshold Voltage 


VOHA 


-1.020 


- 


-0.980 


- 


-0.920 




Vdc 


Threshold testing is performed 
and guaranteed on one input at 
a time. V in ■-■ V| H A°r V|LA- 
Load 50 il to -2.0 V. 


Logic "0" 

Threshold Voltage 


VQLA 


- 


-1.645 




-1.630 




-1.605 


Vdc 



' Minimum limit equals the maximum negative current the driving circuitry will be required to sink. 
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MCM10474 



FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 



TESTING CONDITIONS 



Gnd 



INPUT LEVELS 



INPUT LEVELS 



vcc 



vee 



0.01 ixf 



_L7 

T 



vee 



RlS -J— 



-2.0 V 




80% 
20% 



C L 



*- t r = tf = 2.5 ns Typ. -»4 r* t f 



A1I Timing Measurements Referenced to 50% of Input Levels 

Cl = 30 pF including Jig and Stray Capacitance 
R|_ = 50 n 



AC OPERATING CONDITIONS AND CHARACTERISTICS 



Guaranteed with Vgg = -5.2 Vdc ♦ 5.0%, T^ 


= 0°C to 


75°C (see 


Note 1) 


UUtpbt 


Load see 


Figure 


1. 


Characteristic 


Symbol 


MCM1 0474-25 


MCM1 0474-1 5 


Unit 


Conditions 


Min 


Max 


Min 


Max 


Read Mode 














See Figures 2 and 3. 

Measured at 50% of input to 50% of 


Chip Select Access Time 


tACS 


— 


10 


— 


8.0 


ns 


output. 


Chip Select Recovery Time 


tRCS 


— 


10 


— 


8.0 


ns 




Address Access Time 


*AA 


— 


25 


— 


15 


ns 




Write Mode 














See Figure 4. 


Write Pulse Width 


tw 


25 


— 


15 


— 


ns 


*WSA = 8 -° ns MCM 10474-25 


(To guarantee writing) 














*WSA = 3 '° ns MCM 10474-1 5 
Measured at 50% of input to 50% of 


Data Setup Time Prior to Write 


tWSD 


5.0 


— 


2.0 


— 


ns 


output. 


Data Hold Time After Write 


l WHD 


5.0 


— 


2.0 


— 


ns 


tw = 25 ns MCM 10474-25 


Address Setup Time Prior to Write 


tWSA 


8.0 


— 


3.0 


— 


ns 


tw = 15 ns MCM10474-15 


Address Hold Time After Write 


tWHA 


5.0 


— 


2.0 


— 


ns 




Chip Select Setup Time Prior to Write 


twscs 


5.0 


— 


2.0 


— 


ns 




Chip Select Hold Time After Write 


tWHCS 


5.0 


— 


2.0 


— ■ 


ns 




Write Disable Time 


tws 


— 


10 


— 


8.0 


ns 




Write Recovery Time 


*WR 


— 


15 


— 


8.0 


ns 




Rise and Fall Time 






Typ 


ical 






Measured between 20% and 80% 


Output Rise and Fall Time 


*r. tf 




2 


5 




ns 


points. 


Capacitance 
Input Lead Capacitance 


Cin 




Typ 


ical 




pF 


Measured with a pulse technique. 




4 







Output Lead Capacitance 


C ut 




7 







pF 





Notes: 

(1) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(2) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook.' 
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MCM 10474 







FIGURE 2 


I — CHIP SELECT ACCESS TIME 








C§- 
D out 


tACS 








tRCS 


Chip Select 
Data Output 


"Vi 




f 


S 




/ 


50%^ 



FIGURE 3 — ADDRESS ACCESS TIME 



Address Input 
Data Output 






A 


Yso % 




k t A A — - 




D out 


x» 



FIGURE 4 — WRITE STROBE MODE 



Data Output 



Address Input A 



X 



Chip Select cs 



Data Input Dj 



Write Enable WE 



IX 



XI 




3t 



\^ / 



♦-twSD-* 

twscs 



tWSA 



tw 



tWHD 



tWHCS 
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MOTOROLA 



MCM10147 



128 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10147 is a 128-word x 1-bit Read/Write Random Access 
Memory. Data is accessed or stored by means of a 7-bit address 
decoded on chip. It has a non-inverting data out, a separate data in 
line and 2 active-low chip select lines. It has a typical access time 
of 10 ns and is designed for high-speed scratch pads, control, cache, 
and buffer storage applications. 

• Typical Address Access Time = 10 ns 

• Typical Chip Select Access Time = 5.0 ns 

• Operating Temperature Range = 0° to +75°C 

• Open Emitter Output Permits Wired-OR for Easy Memory 

Expansion 

• 50 ki2 Input Pulldown Resistors on All Inputs 

• Power Dissipation Decreases with Increasing Temperature 
. Fully Compatible with MECL 10,000 Logic Family , 

. Similar to F 10405. 



BLOCK DIAGRAM 



Data Out 
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Chip 
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Bit Address Buffer/ 
1/8 Decoder 



s s 
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'CC2 

'be 



D in 



= Pin 1 
= Pin 16 
= Pin 8 



MECL 



128-BIT RANDOM ACCESS 
MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



PIN ASSIGNMENT 


i i 


V CC1 V CC2 


ZT316 


2IZZ 


A0 D 

out 


IZ315 


3CTZ 


A1 csi 


I 14 


4[ZZ 


A2 CS2 


in '3 


5t= 


A3 WE 


1 12 


6 1 


A4 D. 


nn 


^CZ 


A5 A6 


im 


8C 


V EE N.C. 


1 9 


PIN NOTATION 


CS Chip Select Input 


A0 thru A6 Address Inputs 


D. Data Input 


D Data Output 


WE Write Enable Input 




TRUTH TABLE 



MODE 


INPUT 


OUTPUT 




CS* 


WE 


Din 


°out 


Write "0" 


L 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 


<t> 


Q 


Disabled 


H 


<t> 


* 


L 



•CS = CSI + CS2 



</>= Don't Care. 
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FUNCTIONAL DESCRIPTION: 

The MCM 10147 is a 128 word x 1-bit RAM. Bit selec- 
tion is achieved by means of a 7-bit address A0 thru A6. 

The active-low chip select allows memory expansion up 
to 512 words. The fast chip select access time allows 
memory expansion without affecting system performance. 



The operating mod e of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode— the output is low and the data present 
at Dj n is stored at the selected address. With WE high the 
chip is in the read mode— the data state at the selected 
memory location is presented non-inverted at D out . 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (VqC ~ °* 


VEE 


-8 toO 


Vdc 


Base Input Voltage (Vrjc = °) 


Vin 


to Vg£ 


Vdc 


Output Source Current - Continuous 
- Surge 


io 


<50 
< 100 


mAdc 


Junction Operating Temperature 


Tj 


< 165 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 





DC TEST VOLTAGE VALUES 
(Volts) 


Test 
Temperature 


VlHmax 


VlLmin 


VlHAmin 


VlLAmax 


VEE 


0°C 


-0.840 


-1.870 


-1.145 


-1 .490 


-5.2 


+25°C 


-0.810 


-1 .850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1.830 


-1.045 


• -1.450 


-5.2 



ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 



DC Characteristics 


Symbol 


MCM10144 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


lEE 




105 




100 




95 


mAdc 


Typ l EE @25°C =80mA 
All outputs and inputs open. 
Measure pin 8. 


Input Current High 


linH 




220 




220 




220 


MAdc 


Test one input at a time, all 
other inputs are open. 
V in = V| H . 


Input Current Low 


lini- 


0.5 




0.5 




0.3 




MAdc 


Test one input at a time, all 
other inputs are open. 
V in = V| L . 


Logic "1 " 

Output Voltage 


VOH 


-1 .000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 H to -2.0 V 


Logic "0" 

Output Voltage 


vol 


-1.870 


-1.665 


-1.850 


-1.650 


-1.830 


-1.625 


Vdc 


Logic "1" 

Threshold Voltage 


VOHA 


-1 .020 


- 


-0.980 


- 


-0.920 


- 


Vdc 


Threshold testing is performed 
and guaranteed on one input at 
a time. V in = V| H A° r V ILA- 
Load 50 Q to -2.0 V. 


Logic "0" 

Threshold Voltage 


v OLA 


- 


-1.645 


— 


-1.630 


- 


-1 .605 


Vdc 
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SWITCHING CHARACTERISTICS (T A = 0° to +75°C, V EE = -5.2 Vdc ± 5%; Output Load see Figure 1 ; see Note 1 & 3.) 



Characteristic 


Symbol 


Test Limits 


Unit 


Conditions 


Min 


Typ 


Max 


Read Mode 












See Figures 2 and 3. 


Chip Select Access Time 


l ACS 


2.0 


5.0 


8.0 


ns 


Measured from 50% of input to 50% of 


Chip Select Recovery Time 


tRCS 


2.0 


5.0 


8.0 


ns 


output. See Note 2. 


Address Access Time 


*AA 


5.0 


10 


15 


ns 




Write Mode 














Write Pulse Width 


t w 


8.0 


6.0 


- 


ns 


*WSA = *-0 "s 


Data Setup Time Prior to Write 


*WSD 


1.0 


-5.0 


- 


ns 




Data Hold Time After Write 


l WHD 


3.0 


-2.0 


- 


ns 




Address Setup Time Prior to Write 


tWSA 


4.0 





- 


ns 


l W = 8.0 ns. See Figure 4. 


Address Hold Time After Write 


<WHA 


3.0 





- 


ns 




Chip Select Setup Time Prior to Write 


tWSCS 


1.0 


-5.0 


- 


ns 




Chip Select Hold Time After Write 


<WHCS 


1.0 


-5.0 


- 


ns 




Write Disable Time 


*ws 


2.0 


5.0 


8.0 


ns 


Measured at 50% of input to 50% 


Write Recovery Time 


*WR 


2.0 


5.0 


8.0 


ns 


of output. 


Rise and Fall Time 












Measured between 20% and 80% points. 


Output Rise and Fall Time 


tr.tf 


1.5 


3.0 


5.0 


ns 




Capacitance 














Input Capacitance 


C in 


- 


4.0 


5.0 


pF 




Output Capacitance 


C ou t 


- 


7.0 


8.0 


pF 





Notes: (1 ) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook.' 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT 
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C|_ « 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 



i 
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FIGURE 2 - CHIP SELECT ACCESS TIME 
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FIGURE 3 - ADDRESS ACCESS TIME 
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FIGURE 4 -WRITE MODE 
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MOTOROLA 



MCM10139 



256-BIT PROGRAMMABLE READ ONLY MEMORY 
(PROM) 

The MCM10139 is a 256-bit programmable read only memory 
(PROM). The circuit is organized as 32 words of 8 bits. Prior to 
programming, all stored bits are at logic (low) levels. The logic 
state of each bit can then be changed by on-chip programming 
circuitry. The M CM 101 39 has a single negative logic chip enable. 
When the chip is disabled (CS = high), all outputs are forced to 
a logic (low). 

The MCM10139 is fully compatible with the MECL 10,000 
logic family. It is designed for use in microprogramming, code 
conversion, logic simulation, and look-up table storage. 

Pq = 520 mW typ/pkg (No Load) 
t/\ccess = 15 ns typ (Address Inputs) 



LOGIC DIAGRAM 




MECL 



32 X 8 BIT PROGRAMMABLE 
READ-ONLY MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 




F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



PIN ASSIGNMENT 



— >^/ 


DO 


v C c 


D1 


CS 


D2 


A4 


D3 


A3 


D4 


A2 


D5 


A1 


D6 


AO 


V E E 


D7 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vqq = 0) 


v EE 


-8 to 


Vdc 


Base Input Voltage (Vf_;c = 0) 


Vin 


Oto V E e 


Vdc 


Output Source Current — Continuous 
'.'■'. — Surge 


'0 


<50 
<100 


mAdc 


Junction Operating Temperature 


Tj 


<165 


°c 


Storage Temperature Range 


T stg 


-55 to +150 


°C 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. 



ELECTRICAL CHARACTERISTICS 





DC Test Voltage Values 
(Volts) 


Test Temperature 


v IHmax 


v ILmin 


v IHAmin 


v ILAmax 


V E E 


0°C 


-0.840 


-1.870 


-1.145 


-1.490 


-5.2 


+ 25°C 


-0.810 


-1.850 


-1.105 


-1.475 


-5.2 


+ 75°C 


-0.720 


-1.830 


-1.045 


-1.450 


-5.2 



Each MECL Memory circuit has been 
designed to meet the dc and ac specifications 
shown in the test table, after thermal equili- 
brium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow greater than 500 
linear fpm is maintained. Outputs are ter- 
minated through a 50-ohm resistor to -2.0 volts. 




DC Characteristics 


Symbol 


MCM10139 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+ 75°C 


Min Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


lEE 


150 


- 


145 


- 


140 


mAdc 


Typ Iee @ 25°C = 100 mA. All out- 
puts and inputs open. Measure pin 8. 


Input Current High 


linH 


265 


- 


265 


- 


265 


MAdc 


Test one input at a time, all other 
inputs are open. Vj n = V|j-|. 


Input Current Low 


linL 


0.5 


0.5 


- 


0.3 


- 


MAdc 


Test one input at a time, all other 
inputs are open. Vj n = V|i_. 


Logic "1" 

Output Voltage 


V H 


-1.000 -0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 n to -2.0 V. 


Logic "0" 

Output Voltage 


vol 


-2.010 -1.665 


-1.990 


-1.650 


-1.970 


-1.625 


Vdc 


Logic "1" 

Threshold Voltage 


v OHA 


- 1 .020 


-0.980 


- 


-0.920 


- 


Vdc 


Threshold testing is performed and 
guaranteed on one input at a time. 


Logic "0" 

Threshold Voltage 


v OLA 


-1.645 


- 


- 1 .630 


- 


-1.605 


Vdc 


v in = V|LH or V| LA . 
Load 50 n to -2.0 V. 



SWITCHING CHARACTERISTICS <T A = 0° to +75°C, V E E = -5.2 Vdc ±5%;Output Load-See Figure 1 and Note 1) 



Characteristic 


Symbol 


Test Limits 


Unit 


Conditions 


Min 


Typ 


Max 


Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 


*ACS 
tRCS 
*AA 


- 


10 
10 
15 


15 
15 
20 


ns 
ns 
ns 


See Figures 2 and 3. 

Measured from 50% of input to 50% 

of output. See Note 2. 


Output Rise and Fall Time 
Input Capacitance 
Output Capacitance 


tr-tf 
Cin 
C Q ut 


- 


3.0 ; 
4.0 
7.0 


5.0 
8.0 


ns 
pF 
pF 


Measured between 20% and 80% points. 



1. Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the memory. 
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15 O- 



10 O- 

11 o- 

12 O- 

13 O- 

14 O- 



FIGURE 1 — SWITCHING TIME TEST CIRCUIT 



V C C = Gnd 
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-O 7 
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-0.9 V 
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t r = tf = 2.0 ns typ 

All timing measurements referenced to 50% of input levels. 
All outputs loaded 50 ohms to -2.0 Vdc. 



1 



0.1 txf 



6 

-2.0 Vdc 



6 - 5.2 Vdc 

VEE 



FIGURE 2 - CHIP SELECT ACCESS TIME 









FIGURE 3 - ADDRESS ACCESS TIME 
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RECOMMENDED PROGRAMMING PROCEDURE* 

The MCM10139 is shipped with all bits at logical "0" (low). To write logical "1s", proceed as follows. 



MANUAL (See Figure 4) 

Step 1 Connect VgE ( p i n 8) to -5.2 V and Vqq (Pin 16) to 
0.0 V. Address the word to be programmed by applying 
-1.2 to -0.6 volts for a logic "1" and -5.2 to -4.2 volts for a logic 
"0" to the appropriate address inputs. 



Step 2 
Step 3 



Raise Vcc ( pin 16) to +6.8 volts. 



After Vcc ^ as stabilized at +6.8 volts (including any 
ringing which may be present on the Vqq line), apply 

a current pulse of 2.5 mA to the output pin corresponding to the 

bit to be programmed to a logic "1 ". 

Step 4 Return Vqq to 0.0 Volts. 

CAUTION 

To prevent excessive chip temperature rise, Vqq should not 
be allowed to remain at +6.8 volts for more than 1 second. 

Step 5 Verify that the selected bit has programmed by con- 
necting a 460 n resistor to -5.2 volts and measuring 
the voltage at the output pin. If a logic "1 " is not detected at the 
output, the procedure should be repeated once. During verification 
V| H should be -1.0 to -0.6 volts. 



Step 6 



If verification is positive, proceed to the next bit to 
be programmed. 



AUTOMATIC (See Figure 5) 

Step 1 Connect V E e (Pin 8) to -5.2 volts and Vqq < p in 1 6) 
to 0.0 volts. Apply the proper address data and raise Vqq 
(Pin 16) to +6.8 volts. 

Step 2 After a minimum delay of 100 ms and a maximum delay 
of 1.0 ms, apply a 2.5 mA current pulse to the first bit to 
be programmed (0.1 < PW < 1 ms). 

Step 3 Repeat Step 2 for each bit of the selected word specified 
as a logic "1". (Program only one bit at a time. The delay 
between output programming pulses should be equal to or less than 
1.0 ms.) 

Step 4 After all the desired bits of the selected word have been 
programmed, change address data and repeat 
Steps 2 and 3. 

NOTE: If all the maximum times listed above are maintained, the 
entire memory will program in less than 1 second. Therefore, it 
would be permissible for Vqq to remain at +6.8 volts during the 
entire programming time. 

Step 5 After stepping through all address words, return Vqq to 
0.0 volts and verify that each bit has programmed. If one 
or more bits have not programmed, repeat the entire procedure 
once. During verification V\^\ should be -1.0 to -0.6 volts. 



"NOTE: For devices that program incorrectly-return serialized units with individual truth tables. Noncompliance voids warranty. 



PROGRAMMING SPECIFICATIONS 



Characteristic 


Symbol 


Limits 


Units 


Conditions 


Min 


Typ 


Max 


Power Supply Voltage 
To Program 
To Verify 


VEE 
V CCP 
V CCV 


-5.46 

+ 6.04 




-5.2 

+ 6.8 




-4.94 

+ 7.56 




Vdc 
Vdc 
Vdc 




Programming Supply Current 


>CCP 


- 


200 


600 


mA 


V cc = +6.8 Vdc 


Address Voltage 
Logical "1 " 
Logical "0" 


V|H Program 

V||-| Verify 

V|L 


-1.2 
-1.0 
-5.2 


- 


-0.6 
-0.6 
-4.2 


Vdc 
Vdc 
Vdc 




Maximum Time at Vqq = Vqqp 


- 


- 


- 


1.0 


sec 




Output Programming Current 


lOP 


2.0 


2.5 


3.0 


mAdc 




Output Program Pulse Width 


*P 


0.5 


- 


1.0 


ms 




Output Pulse Rise Time 


- 


- 


- 


10 


MS 




Programming Pulse Delay (1) 














Following Vqq change 
Between Output Pulses 


t d 1 , 


0.1 
0.01 


: 


1.0 
1.0 


ms 
ms 





NOTE 1 . Maximum is specified to minimize the amount of time Vqq is at +6.8 volts. 
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FIGURE 4 - MANUAL PROGRAMMING CIRCUIT 
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-5.2 V 



Test 
Point 
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FIGURE 5 - AUTOMATIC PROGRAMMING CIRCUIT 
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1024 x 1-BIT RANDOM ACCESS MEMORY 

The MCM10146/10415 is a 1024-bit Read/Write Random Access 
Memory organized 1024 words by 1 bit. Data is selected or stored 
by means of a 10-bit address (AO through A9) decoded on the chip. 
The chip is designed with a separate data in line, a non-inverting data 
output, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, control, 
cache and buffer storage applications. 

• Fully Compatible with M EC L 10,000 

• Pin-for-Pin Compatible with the 10415 

• Temperature Range of 0° to 75°C (see note 1 ) 

• Emitter-Follower Output Permits Full Wire-ORing (see note 3) 

• Power Dissipation Decreases with Increasing Temperature 

• Typical Address Access of 24 ns 

• Typical Chip Select Access of 4.0 ns 



PIN DESIGNATION 




CS 


Chip Select Input 


A0 to A9 


Address Inputs 


Din 


Data Inputs 


°out 


Data Output 


WE 


Write Enable Input 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 




F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



ORDERING INFORMATION 

Suffix Denotes 
MCM10146 - L Ceramic Dual-in-Line Package 
— F Ceramic Flat Package 

10415 



DC Ceramic Dual-in-Line Package 
FC Ceramic Flat Package 



BLOCK DIAGRAM 
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PIN ASSIGNMENT 




yj ... ._ 




1 czz 


D out V CC 


=)16 


2 l 


AO D in 


— I 15 


3 c: 


A1 CS 


ZD14 


4C 


A2 WE 


=313 


5CZ 


A3 A9 


=)12 


6 cz: 


A4 A8 


=311 


7 CZ 


A5 A7 


=310 


8C 


V EE A6 


=39 









TRUTH TABLE 





MODE 


INPUT 


OUTPUT 




CS 


wf 


Din 


Dout 


Write "0" 


L 


L 


L 


L 


Write "1" 


L 


L 


H 


L 


Read 


L 


H 


<t> 


Q 


Disabled 


H 


<t> 





L 



= Don't Care. 
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FUNCTIONAL DESCRIPTION: 

This device is a 1024 x 1-bit RAM. Bit selection is achieved by 
means of a 10-bit address, A0 to A9. 

The active-low chip select is provided for memory expansion up 
to 2048 words. 

The operating mode of the RAM (CS input low) is controlled by 
the WE input. With WE low, the chip is in the write mode, the out- 
put, D out , is low and the data state present at Dj n is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non- 
inverted at D out . (See Truth Table) 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage (Vcc = 0) 


VEE 


-8 to 


Vdc 


Base Input Voltage (Vcc = 0) 


Vin 


to Vee 


Vdc 


Output Source Current — Continuous 
- Surge 


"0 


< 50 
< 100 


mAdc 


JunctioruOperating Temperature 


Tj 


< 165 


°C 


Storage Temperature Range 


T stg 


-55 to +150 


°C 





DC TEST VOLTAGE VALUES 

(Volts) 


Test 
Temperature 


v IHmax 


VlLmin 


VlHAmin 


v ILAmax 


Vee 


0°C 


-0.840 


-1.870 


-1.145 


-1.490 


-5.2 


+25°C 


-0.810 


-1 .850 


-1.105 


-1.475 


-5.2 


+75°C 


-0.720 


-1 .830 


-1.045 


-1 .450 


-5.2 



ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 




DC Characteristics 


Symbol 


MCM1 01 46 Test Limits 


Unit 


Conditions 


0°C 


+25°C 


+75°C 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


'EE 




150 




145 




125 


mAdc 


Typ l EE @ 25°C = 100 mA 
All outputs and inputs open. 
Measure pin 8. 


Input Current High 


linH 




220 




220 




220 


MAdc 


Test one input at a time, all 
other inputs are open. 
Vin = V| H . 


Input Current Low 


linL 


0.5 




0.5 




0.3 




MAdc 


Test one input at a time, all 
other inputs are open. 
V in = V| L . 


Logic "1" 

Output Voltage 


V H 


-1 .000 


-0.840 


-0.960 


-0.810 


-0.900 


-0.720 


Vdc 


Load 50 n to -2.0 V 


Logic "0" 

Output Voltage 


VOL 


-1.920 


-1.665 


-1.900 


-1 .650 


-1.880 


-1.625 


Vdc 


Logic "1" 

Threshold Voltage 


VOHA 


-1 .020 


- 


-0.980 


- 


-0.920 


- 


Vdc 


Threshold testing is performed 
and guaranteed on one input at 
a time. V in = V|HA°r V|LA- 
Load 50 il to -2.0 V. 


Logic "0" 

Threshold Voltage 


VOLA 


_ 


-1.645 


— 


-1.630 


- 


-1 .605 


Vdc 
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FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 



TESTING CONDITIONS 




INPUT LEVELS 


| GNDO I 








A 


... i 










A0 CS V cc WE 






A1 










A2 






INPUT LEVELS 




A3 








L -) 


r-80% 




A4 

MCM10146 D out 
A5 u ' 


1 






4 


I 




> 


r 20% 

















A6 










t r — H 




■« — t r = tf = 2.6 ns Typ, •- 




U — tf 




A7 














A8 










All Timing Measurements Referenced to 50% of Input Levels 




A9 V E £ 


«t: 




c L ■? 




Cl < 5.0 pF including Jig and Stray Capacitance 
R T - 50 n 
For Capacitance Loading < 50 pF, Delay Should be 








o.oi mF ?k 

1 i 










!> 








Derated by 30 ps/pF 


c 


!> 








-2.0 V 







Guaranteed with Vgg = -5.2 Vdc ± 5.0%, 


T A = 0°C to 


75°C (see 


Note 1). 


Output Load see Fi 


gure 1. 


Characteristic 


Symbol 


MCM10146 Test Limits 


Unit 


Conditions 


Min 


Typ 


Max 


Read Mode 












See Figures 2 and 3. 


Chip Select Access Time 


<ACS 


2.0 


4.0 


7.0 


ns 


Measured at 50% of input to 50% of output. 


Chip Select Recovery Time 


tRCS 


2.0 


4.0 


7.0 


ns 


See Note 2. 


Address Access Time 


*AA 


8.0 


24 


29 


ns 




Write Mode 












See Figure 4. 


Write Pulse Width 


t w 


25 


20 


- 


ns 


tWSA = 8.0 ns. 


(To guarantee writing) 












Measured at 50% of input to 50% of output. 


Data Setup Time Prior to Write 


tWSD 


5.0 





- 


ns 




Data Hold Time After Write 


«WHD 


5.0 





- 


ns 




Address Setup Time Prior to Write 


*WSA 


8.0 





- 


ns 


tw = 25 ns 


Address Hold - Time After Write 


tWHA 


2.0 





- 


ns 




Chip Select Setup Time Prior to Write 


twscs 


5.0 





- 


ns 




Chip Select Hold Time After Write 


tWHCS 


5.0 





- 


ns 




Write Disable Time 


tws 


2.8 


5.0 


7.0 


ns 




Write Recovery Time 


t W R 


2.8 


5.0 


7.0 


ns 




Rise and Fall Time 












Measured between 20% and 80% points. 


Output Rise and Fall Time 


tr.tf 


1.5 


2.5 


4.0 


ns 


When driven from CS or WE inputs. 


Output Rise and Fall Time 


tr-tf 


1.5 


4.0 


8.0 


ns 


When driven from Address inputs. 


Capacitance 












Measured with a pulse technique. 


Input Lead Capacitance 


c in 




4.0 


5.0 


pF 




Output Lead Capacitance 


Cout 


- 


7.0 


8.0 


pF 





Notes: 

(1 ) Contact your Motorola Sales Representative for details if extended.temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook." 

(4) Typical limits are at Vf£E = -5.2 Vdc, T^ = 25°C and standard loading. 
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FIGURE 2 - CHIP SELECT ACCESS TIME 


















tRCS 


Data Output 


cs 

tACS 
D out 


\ 


r 50% 




f 












^ 




/ 


50% ^ 







FIGURE 3 - ADDRESS ACCESS TIME 


Address Input 
Data Output 






A 


) 


£ 50% 






«• t AA «. 




Dout 


) 


(bo% 







FIGURE 4 - WRITE STROBE MODE 



Address Inpuv 



Chip Select CS 



D,n 



Write Enable WE 



X 



¥Z 




IX 



X 



\r / 



-twSD" 
T WSCS ' 



f*- l WR-» 
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256 x 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 



This device is a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (CS = high), all outputs 
are forced to a logic (low). 



Typical Address Access Time of 20 ns 
Typical Chip Select Access Timeof 8.0 ns 
50 k£2 Input Pulldown Resistors on All Inputs 
Power Dissipation (540 mW typ @25°C) 
Decreases with Increasing Temperature 



MECL 



1024-BIT PROGRAMMABLE 
READ-ONLY MEMORY 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 





F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



PIN ASSIGNMENT 
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ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


-55°C 


o°c 


+ 25°C 


+ 75°C 


+125°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Power Supply Drain Current 


lEE 


- 


160 


- 


155 


- 


150 


- 


145 


- 


145 


mAdc 


Input Current High 


linH 


- 


450 


- 


265 


" 


265 


- 


265 


- 


265 


/uAdc 



55°C and +125°C test values apply to MC105xx devices only. 



Forcing 
Function 


Parameter 


o © 
-55°C 


C 


o ® 
25°C 


25°C© 


75°C® 


o © 
1 25 C 


IHmax 


OHmax 
V OHmin 


MCM 10500 


MCM10100 


MCM10100 


MCM 10500 


MCM 101 00 


MCM 10500 


-0.880 
-1.080 


-0.840 
-1.000 


-0.810 
-0.960 


-0.780 
-0.930 


-0.720 
-0.900 


-0.630 
-0,825 


V IHAmin 


V OHAmin 


-1.100 
-1.175 


^ 1.020 
-1.130 


-0.980 
-1.105 


-0.950 
-1.105 


-0.920 
-1.045 


-0.845 
-1.000 


ILAmax 


OLAmax 
V OLmax 


-1.510 
-1.635 
-1.655 


-1.490 
-1.645 
-1.665 


-1.475 
-1.630 
-1.650 


-1.475 
-1.600 
-1.620 


-1.450 
-1.605 
-1.625 


-1.400 
-1.525 
-1.545 


V,, 
ILmin 


OLmin 


-1.920 


-1.870 


-1.850 


-1.850 


-1.830 


-1.820 


IV. min 


NLmin 


0.5 


0.5 


0.5 


0.5 


0.3 


0.3 



NOTES: © MCM10500 series specified driving 100^2 to -2.0 V. 

© Memories (MCM10100) specified - 75°C for commercial temperature range, 502T2 to -2.0V. 
Military temperature range memories (MCM10500) specified per Note 1. 

SWITCHING CHARACTERISTICS (Note 1 ) 







MCM10149 


MCM 10549 






T A = 0to +75°C. 


T A = -55 to+125°C, 


Characteristics 


Symbol 


V EE = -5.2 Vdc -5% 


V EE = -5.2 Vdc -5% 


Unit 


Conditions 


Min 


Max 


Min 


Max 


Read Mode 












ns 


Measured from 50% of 


Chip Select Access Time 


'ACS 


2.0 


10 


• 


• 




input to 50% of output. I 


Chip Select Recovery Time 


l RCS 


2.0 


10 


• 


* 




See Note 1 . 


Address Access Time 


( AA 


7.0 


25 


* 


* 






Rise and Fall Time 


«r.«f 


1.5 


7.0 




" 


ns 


Measured between 20% 
and 80% points. 


Capacitance 












pF 


Measured with a pulse 


Input Capacitance 


Cin 


- 


5.0 


- 


5.0 




technique. 


Output Capacitance 


c ou , 


- 


8.0 


- 


8.0 








NOTES: 1. Test circuit characteristics: Rj = 50 n, MCM10149; 100 H, MCM10549. 
C|_ «i 5.0 pF (including jig and stray capacitancel 
Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

4. Vqp = Vcc = Gnd for normal operation. 

"To be determined: contact your Motorola representative for up-to-date information. 



PROGRAMMING 

During programming of the MCM 10149, input pins 7, 
9, and 10 are addressed with standard MECL 10K logic 
levels. However, during programming input pins 2, 3, 4, 
5, and 6 are addressed with V < V )H < + 0.25 V and 
V EE ^ V IL ^ ~ 30 V ' '* snould be stres sed that this 
deviation from standard input levels is required only during 
the programming mode. During normal operation, standard 
MECL 10,000 input levels must be used. 

With these requirements met, and with Vqp = Vqq = 



THEMCM10149T 

V and V £E = - 5.2 V ± 5%, the address is set up. After 
a minimum of 100 ns delay, V cp (pin 1) is ramped up to 
+ 12 V ± 0.5 V (total voltage V cp to V EE is now 17.2 V, 
+ 12 V - [ - 5.2 V] ). The rise time of this V cp voltage 
pulse should be in the 1 - 10 /is range, while its pulse 
width (t w -j) should be greater than 100 jus but less than 

1 ms. The V cp supply current at +12 V will be approx- 
imately 525 mA while current drain from Vqq will be ap- 
proximately 175 mA. A current limit should therefore be 
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set on both of these supplies. The current limit on the 
Vqp supply should be set at 700 mA while the Vqq sup- 
ply should be limited to 250 mA. It should be noted 
that the V EE supply must be capable of sinking the 
combined current of the Vqq and Vqp supplies while 
maintaining a voltage of — 5.2 V ± 5%. 

Coincident with, or at some delay after the Vq P pulse 
has reached its 100% level, the desired bit to be fused can 
be selected. This is done by taking the corresponding out- 
put pin to a voltage of + 2.85 V ± 5%. It is to be noted that 
only one bit is to be fused at a time. The other three un- 
selected outputs should remain terminated through their 
50 ohm load resistor (100 ohm for MCM 10549) to - 2.0 
V. Current into the selected output is 5 mA maximum. 



After the bit select pulse has been applied to the ap- 
propriate output, the fusing current is sourced out of the 
chip select pin 13. The 0% to 100% rise time of this cur- 
rent pulse should be 250 ns max. It pulse width should be 
greater than 100 /us. Pulse magnitude is 50 mA ± 5.0 mA. 
The voltage clamp on this current source is to be - 6.0 V. 

After the fusing current source has returned mA, the 
bit select pulse is returned to it initial level, i.e., the output 
is returned through its load to - 2.0 V. Thereafter, V cp is 
returned to V. Strobing of the outputs to determine suc- 
cess in programming should occur no sooner than 100 ns 
after Vqp has returned to V. The remaining bits are pro- 
grammed in a similar fashion. 

T NOTE: For devices that program incorrectly, return serialized 
units with individual truth tables. Non compliance voids 



PROGRAMMING SPECIFICATIONS 

The following timing diagrams and fusing 
information represent programming specifications 
for the MCM10149. 

V cc - Pin 16» V 

V EE - Pin 8 - -5.2 V »5% 



Selected Output Oper 
Pin (1 1 . 12. 14 or IS i 



Chip Select Pin 13 OmA- 



50 mA 
i 5mA 



The timing diagram is shown for programming 
one bit. Note that only one bit is blown at a time. 
All addressing must be done 100 ns prior to the 
beginning of the Vqp pulse, i.e., Vqp = V. 
Likewise, strobing of the outputs to determine 
success in programming should occur no sooner 
than 100 ns after Vcp returns to V. 

Note that the fusing current is defined as 
a positive current out of the chip select, pin 13. 
A programming duty cycle of < 15% is to be 
observed. 



Definitions and values of timing symbols are 
as follows. 



* 12 V 




L 5 V 


tr1 


V 






■■ r w1 


»2.85 V 


*D1 



Symbol Definition 

Rise Time, 

Programming Voltage 
Pulse Width, 

Programming Voltage 
Delay Time, 

Programming Voltage 

Pulse to Bit 

Select Pulse 
Pulse Width, Bit Select 
Delay Time, Bit Select 

Pulse to Programming 

Voltage Pulse 
tQ3 Delay Time, Bit Select 

Pulse to Programming 

Current Pulse 
Rise Time, Programming 

Current Pulse 
Pulse Width, 

Programming 

Current Pulse 
tQ4 Delay Time, 

Programming Current 

Pulse to Bit 

Select Pulse 



*w2 
■ t D2 



*w3 



Value 
> 1 Ms 

> 100 Ms < 1 ms 

> 



> 100 Ms 
> 



> 1 Ms 

250 ns max 
> 100 Ms 

> 1 ms 



11-18 



MCM10149 



MANUAL PROGRAMMING CIRCUIT 

+ 5 V +5 V 




1/4MC7438 1/4 MC7438 



Current Source 



2N3905 560 



30 _[_ 7 V 



1/4 
MC7438 



180 LI, 1/2 W 
\N\ 



51 11, 1/2 W 
+ 5 v o wv 




;2.7 k >100 



(-6 V Clamp) 



-t 1N914 
or Equiv. 



1/4 MC7438 



^O 



180 
— vw~ 



I 680 
f-5.2 V 



680 
-5.2 V 



680 
-5.2 V 



680 
-5.2 V 




Rotary SW 
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MOTOROLA 



MBM2256 



Advance Information 



GENERAL DESCRIPTION 

The MBM2256 is a 262,144 (2 18 ) bit magnetic bubble memory 
device. All required magnetic components including the perma- 
nent magnets, the drive field coils and protective magnetic shield 
are integral parts of the device. The package is a 1.15 x 1.1 x 0.36 
inch 16-pin DIP. 

The MBM2256 features a dual block-replicate organization with 
swap gates on the input track. Data storage is organized as 256 
storage loops of 1024-bits each. Additional loops are provided to 
store the error correction code and as redundant loops. In one of 
two dedicated map loops on-chip the redundant map loop data 
is stored. 

The MBM2256 can be operated synchronously or asynchro- 
nously. Average access time to a page of data is less than 7.0 ms 
at 100 kHz. Data transfer rate is 125 kilobits per second at 125 kHz. 
Average power dissipation at 125 kHz is 0.8 Watts. The device will 
operate over a case temperature range of 0°C to 70°C, and data 
is retained without power from -40°C to 100°C. 

The device is fabricated using a pseudo-planar process to im- 
prove operating margins as well as to enhance reliability. The use 
of CrCuCr in the conductor elements ensures excellent conduc- 
tivity while greatly increasing resistance to problems associated 
with electromigration. 



FEATURES 

• Non-volatile 

• High Density 

• Solid State 

• Low Power 

• Start/Stop Capability 

• Page-Oriented Access 



256 K x 1-BIT 

MAGNETIC BUBBLE 

MEMORY DEVICE 




• On-Chip Redundant Loop Map 

• Swap Gates 

• Block Replicate 

• Error Correction Code Storage 

• 16-Pin Dual-in-Line Package 



x coil - [T 


Pin Assignment 


Ti| Replicate - 


• 


X Coil + [T 




T|] SWAP + 


Y Coil - |T 




T4| Generate - 


Y Coil + [7 




13| Generate + 


Case rr 
(AC Gnd) 12. 




u\ SWAP - 


Active rr 
Detector LH. 




771 Ma P 

Hi Replicate - 


Reference fT 
Detector LL 

Detector f— 
Common ( + ) L2_ 




7j7| Map 

— ■ Replicate + 

9 1 Replicate + 





This document contains information on a ne 
are subject to change without notice. 



/ product. Specifications and information herein 
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FIGURE 1 — BLOCK DIAGRAM 




Rep. 
Gates 



*NOTE: 

The ( + ) jack for the Z coil is the one closest to Pin 8. 



LZ 



6 

ZCoil 



z 

Coil 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Min 


Max 


Unit 


Operating Temperature (Case) (Tc) 





70 


' -c 


Non-Volatile Storage Temperature 


-40 


100 


"'C 


Storage Temperature 


-40 


120 


'-C 


External Magnetic Field 


— 


•20 


Oe 


Peak Current In X Coil* 


- 


...... .-. 900 


mA 


Peak Current In Y Coil* 


— 


1,100 


mA 


Peak Current In Z Coil* 


_.--•.: 


3,000 


mAdc 


Peak Replicate Current 


— 


40 


mAdc 


Peak Generate Current 


— ... 


40 


mAdc 


Peak Swap Current 


— 


30 


mAdc 


Peak Detector Current 


— 


6.0 


mAdc 


Maximum Coil Disturb Current With Data Retention 


— 


10 


mA 


Maximum Pin To Pin Voltage 


- 


55 


Volts 



*These peak currents are allowed subject to the device temperature not exceeding the temperature limits. 

ELECTRICAL CHARACTERISTICS (Tc = 0°C to 70°C, rotating field frequency (f ) = 125 kHz unless otherwise noted). 
FUNCTION CURRENTS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Generate Current 


IG 


180 


. — 


220 


mA 


Swap Current 


is 


25 


— 


31 


mA 


Replicate Cut Current 


'RC 


75 


— 


95 


mA 


Replicate Transfer Current 


IRT 


28 


■ — 


42 


mA 


Map Replicate Cut Current 


'RCM 


75 


— 


95 


mA 


Map Replicate Transfer Current 


IRTM 


28 


— 


42 


mA 


Map Transfer' In Current 


'tm 


-24 


— 


-30 


mA 


Detector Current 


Ida- 'dr 


■■.— 


5,0 


5.8 


mA 



X,Y COIL DRIVE (See Figure 2.) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Coil Driver Supply Voltage 


V X -Vy 


11.4 


12 


12.6 


V 


Coil Driver Switch On Resistance 
(2 Switches In Series) 


Ron 


0.7 


— 


1.8 


' Ohms 


Coil Driver Clamp Diode Drop 
(2 Diodes In Series) 


Vciamp 


— ' 


"■' : " — 


1.6 


V 


X Coil Peak Current 
(L x = nom, V x = nom, R on , V c | amp = nom) 


'XP 


— 


630 


— 


mA 


Y Coil Peak Current 
(Ly = nom, Vy = nom) 
(Ron- V c iamp = nom ) 


l Y p 


~ 


, 770 


" 


mA 


Coil Current Offset 


'xo' 'yo 


-10 


. — 


+ 10 


r . 


Stop Current Overshoot 


'so 


— ' 


■' :.— 


+ 10 
-0 




Total Coil Power 


Pc 


— 


— 







Z COIL DRIVE 



Z Coil Sensitivity 




— I 2^ 


Z Coil Current Simultaneously Erase All Data Stored 
(Rotating Field On) 
(Rotating Field Off) 


'zap 


2.0 
3' 


Duration of Erase Current 


tZAP 
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SCOPE 

This specification describes the magnetic, electrical, 
mechanical and environmental parameters of the 256K 
bit magnetic bubble device, MBM2256, as manufac- 
tured by Motorola Inc. 

DEVICE ORGANIZATION 

The 256K bit bubble memory chip uses a block-rep- 
licate organization with true swap gates on the input 
track. The storage area is arranged as 256 storage loops 
each with 1,024 bit locations. Additional loops are pro- 
vided for error correction (6) and defect tolerance (20) 
giving a total of 282 loops. Data is written and read at 
the clock frequency which is the rotating field frequency. 
Figure 1 is a schematic diagram of the 256K bit chip. 



FIGURE 2 — X, Y COIL DRIVE 



-€) 



,FET 
I Switch 



V X ,V Y 



fX,_Y Coil"! 



®- 



/ OTXTt- 




H*i 




rW 



Ground 




(a.) TYPICAL DRIVE CIRCUIT 



Data Input 

The device is organized into two halves — odd and 
even. To write into the device the same data pattern is 
written simultaneously into both the odd and even input 
tracks. Due to the spacing between minor loops only 
alternate bits can be aligned with adjacent minor loops. 
An extra bit propagation delay on the odd input track 
causes odd bits to align with odd loops and even bits 



with even loops such that the correct bit is written into 
each loop. The swap gate automatically clears the old 
data as new data is written into the loops. 

Data Output 

To read the data, one bit is replicated from each minor 
loop into the output track, again arranged as an odd 
and even half. The alternate bit data streams are then 
interleaved prior to entering the detector. The data is 
therefore written in and read out of the bubble device 
at the clock frequency although the data does divide 
and recombine within the chip. 

Redundancy 

Of the 282 storage loops 256 are allocated for data, 
6 for error correction and 20 for redundancy. These 20 
loops are used to mask inoperable minor loops and 
improve performance. Twenty loops are always de- 
clared redundant. Data should not be written into the 
redundant loops. 

Redundancy Map 

In addition to the 282 storage loops the chip contains 
two map loops. These loops have their own transfer-in 
and replicate gates but share the generator and detector 
with the storage loops. Only one loop is required and 
is chosen at final test. The chosen loop is used to store 
the data which identifies the redundant loop map. A 
"one" designates a usable loop; a "zero" a non-usable 
loop. Preceding this map code is a stream of 64 "zeros" 
followed by a "one" and a "zero" which may be used 
to synchronize the external control circuitry with the 
memory. The map loop used for storage of the redun- 
dancy information is also identified in the code (see 
Coding of Redundancy Map). Since only alternate bit 
positions are written into the map loop to enhance 
reliability, intervening bits are always zero and are 
ignored during read (see Map Read Operation paragraph). 

The redundancy map is also printed on the label of 
each device using hexadecimal format. Two digits are 
used per loop. Instead of providing the absolute loop 
number, the incremental difference between non- 
usable loops is printed. For example, if the first bad loop 
is #7, and the next two are 19 and 23, the sequence 




2.0 its 4.0 /xs 6.0 ps 8.0 /us 

(b.) TYPICAL RISE/FALL IMBALANCE DUE TO DRIVE CIRCUIT 
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070C04 will be printed on the label. This format allows 
for an incremental difference between two non-usable 
loops of up to 255 (FF). 

Coding of Redundancy Map (The map loop contains 512 
bits of information in five fields.) 



Pattern 


Field 


Number 
of 
Bits 


Note 


MM---MM 


Map Data 


282 


(1) 


EE-EE 


Error 
Correction 


12 


(2) 


LL 


Loop 


2 


(3) 


UU-UU 


User 


150 


(4) 


00—0010 


Sync 


66 


(5) 



NOTE: 

(1) Each bit corresponds to a data loop in sequence 
M = 1 identifies a usable loop (262). 

M = identifies a redundant loop (20). 

(2) Error correction code used is a fire code applied only to the map 
data. 

(3) Identifies which map loop contains the redundancy information 
01 — loop #1, 10 — loop #2. 

(4) This field may contain factory-pertinent information. It will not 
contain a duplicate of the sync pattern. 

(5) The sync pattern is used to locate the beginning of the map data 
field and identifies data page zero. 

Organizational Specifications 



Bits/Loop 


1,024 


Total Data Loops 


282 


Usable Data Loops 


262 


Error Correction Loops 


6 


User Data Loops 


256 


Total User Storage 


262,144 Bits 


Map Loops 


2 



FUNCTIONAL DESCRIPTION 

Write Data Operation 

Writing data is accomplished by generating the new 
data with a series of pulses applied to pins 13 and 14, 
starting tpQSF before the swap operation. As the device 
continues to cycle after all data is generated, the new 
data and the old will be aligned at the swap gates after 
tPGSL- A swap pulse is applied to pins 12 and 15 at this 
time, swapping the new data in and the old data out. 
Unused bits from the even and odd sides along with 
the old data are propagated out and discarded beyond 
the active area. 

Read Data Operation 

To read data, the device must be cycled until the de- 
sired page is aligned with the replicate gates on the 
output side of the storage loops. A replicate cut pulse 
is applied to pins 9 and 16 to duplicate the page. This 
is immediately followed by a replicate transfer pulse 
which causes the duplicate bubbles to propagate into 
alternate positions on the two output tracks. 

Propagation along the output tracks occurs during 
tpRp. During this time, the odd and even output bits 
are merged. 

Detection occurs when a bubble passes under the 
magnetoresistive detector element. The bubble's mag- 
netic field causes the detector element to change resis- 
tance. By passing a constant current through the de- 
tector, this is converted to a voltage signal. A dummy 
detector which is not influenced by magnetic bubbles 
is used to cancel the background magnetoresistive 
signal. 

Output bubbles are discarded beyond the active area 
after detection. A complete page is read in tpRDL' 



INTERFACE IMPEDANCES 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Generate (1) 


'G 


4.5 


— 


18 


n 


Swapd) 


rs 


180 


— 


540 


n 


Replicate (1) 


i"R 


130 


— 


320 


n 


Map Replicate (1) 
(Includes Map Transfer-It.; 


""M 


18 


— 


56 


n 


Detector (Active and Reference) (1) 


r DS' r DR 


950 


— 


2000 


n 


Detector Active/Reference Ratio 


— 


0.985 


— 


1.015 


— 


X Coil Inductance 


Lx 


34 


— ■ 


37 


M H 


Y Coil Inductance 


Ly 


27 


. — 


30 


MH 


Z Coil Inductance 


Lz 


25 


— 


35 , 


m h 


X Coil dc Resistance Non-operating, 25°C 


r x dc 


— . 


2.7 


— 


n 


Y Coil dc Resistance Non-operating, 25°C 


r v dc , 


— 


1.1 


— 


n 


Z Coil dc Resistance Non-operating, 25°C 


r z dc 


— 


0.75 


— 


n 


X Coil ac Resistance (1) 


r x ac 


2.5 


— 


4.0 


n 


Y Coil ac Resistance (1) 


r v ac 


1.5 


- 


2.5 


n 




NOTE: 

(1) Minimum value is at Tq = 0°C, device non-operating, maximum value is at Tc = 70°C, device operating. 
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OUTPUT SIGNALS (T c = 0°C to 70°C, f = 125 kHz) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Common-Mode Output Signal 

dDA = !dR '= 50 mA ' 
Differential Peak-to-Peak Output Voltage (1) 
(Id = 5.0 mA. See Figure 1 for measurement details.) 


Vcm 






50 


mV 


Logic 1 
(Bubble Present) 


V H 


TBD 


- 


. . — 


mV 


Logic 
(No Bubble) ' 


v 0L 


— 


— 


TBD 


mV 


Signal Strobe Leading Edge Phase 


tso 


— 


191 


— 


Degrees 


Signal Strobe Trailing Edge Phase 


*sc 


— 


258 


— 


Degrees 


Logic 1 Valid Window 


t1V 


50 


— 


— 


ns 



(D VoH ' s defined as the difference between the most negative and the most positive signal excursions which occur within the phase window t so 
to t sc when a bubble is being detected. Vol is similarly defined for the case of no bubble being detected. See Figure 3. 




(a) DETECTOR BRIDGE OUTPUT 



+ 12V 



Reference 
Detector 




Active' 
Detector 



Differen- 
tial Probe 



5.0 mA 



30 MHz 
Oscil- 
loscope 



Scope Input Impedance: 
» 2M 
=£ 5.0 pF 

Common-Mode Rejection: 
&60dB 

Frequency Response: 
& 5.0 MHz 



(b) MEASUREMENT SETUP 
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Map Read Operation 

To read the contents of the map, a series of alternate 
cycle replicate pulses, identical to data replicate pulses, 
is applied to pins 10 and 11. Data will be available after 
tPMRD- Since map data is only loaded into alternate 
positions in the loop, one pass may result in no data. 
This procedure is then repeated after delaying one 
cycle. The outputs from the two map loops are merged, 
but only one loop contains data. See "Coding of Re- 
dundancy Map Loops" for decoding information. 



Map Write Operation 

Writing the map loop is accomplished by generating 
map information as normal data on alternate cycles. 
After tpQji or tpQj2, pins 10 and 11 are pulsed with 
a series of negative map transfer pulses on alternate 
cycles. Selecting tpcjl writes into map loop 1 , selecting 
tpQj2 writes into map loop 2. 



TIMING CHARACTERISTICS 0c = OX, f = 125 kHz unless otherwise noted. See Figure 4 for test conditions). 
WRITE CYCLE TIMING 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Generate First Bit to Swap In (1) 


tPGS(F) 


— 


294 


— 


Cycles 


Generate Last Bit to Swap In (1) 


tPGS(L) 


— 


13 


— 


Cycles 


Swap In to Replicate Out (1) 


tPSR 


— 


514 


— 


Cycles 


Swap In to Non-Volatile Storage (2) 


tps 


— 


2 


— 


Cycles 


Generate Delay Time (3) 


tDG 


70 


— 


120 


Degrees 


Generate Pulse Width (4) 


l WG 


140 


210 


280 


ns 


Generate Fall Time 
(10%-90% of pk Amplitude) 


tFG 


200 


— 


400 


ns 


Swap Delay Time (3) 


tDS 


270 


— 


330 


Degrees 


Swap Pulse Width 


*WS 


340 


370 


400 


Degrees 


READ CYCLE TIMING 


Replicate Out to Detect First Bit (1) 


tPRD(F) 


— 


180 


— 


Cycles 


Replicate Out to Detect Last Bit (1) 


tPRD(L) 


— 


461 


— 


Cycles 


Replicate Out to Swap In (1) 


tPRS 


— 


510 


— 


Cycles 


Replicate Delay Time (3) 


*DR 


-10 


— 


20 


Degrees 


Replicate Cut Pulse Width 


*WRC 


210 


280 


350 


ns 


Replicate Transfer Pulse Width 


tWRT 


80 


100 


120 


Degrees 


MAP READ AND WRITE CYCLE TIMING 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Map Replicate to Detect 


tPMRD 


— 


188 


— 


Cycles 


Generate to Map Loop #1 Transfer 


T PGT1 


— 


308 


— '• 


Cycles 


Generate to Map Loop #2 Transfer 


*PGT2 


— 


305 


— 


Cycles 


Map Loop Transfer-In to Replicate 


tpTR 


— 


516 


— 


Cycles 


Map Replicate Delay Time (3) 


*DRM 


-10 


— 


20 


Degrees 


Map Replicate Cut Pulse Width 


tWRCM 


210 


280 


350 


ns 


Map Replicate Transfer Pulse Width 


tWRTM 


80 


100 


120 


Degrees 


Map Transfer-In Delay Time 


*DTM 


270 


— 


330 


Degrees 


Map Transfer-In Pulse Width 


tWTM 


200 


220 


240 


Degrees 




NOTES: 

* All pulses to have rise and tall times s 80 ns (10%-90% of peak amplitude) unless otherwise noted. 

(1) Propagation times are defined from the beginning of the cycle in which the first signal occurs to the beginning of the cycle in which t 
signal occurs. 

(2) Data is non-volatile at the end of the cycle in which the swap current is turned off. 

(3) These parameter limits are guaranteed when the device is driven with the X and Y current shown in Figure 4. Deviations from these < 
conditions may cause these limits to change in absolute angle, but the phase range (max-min) will remain as specified. 

(4) Generate pulse width is defined from 50% amplitude on the rising edge to 90% amplitude on the falling edge. 



12-9 



MBM2256 



Y 

Coil 

Current 



FIGURE 4— TEST CONDITIONS — X AND Y CURRENT WAVEFORMS 

360° 



90° 180° 270° =0' 




FIGURE 5 




Data Loops 

~ WRITE - 



Gen 
SWAP 
REP 
Detect 

Cycles 



-JUL_._J1_ 



-281— V 



-13- 



J-L 



Control Timing 

— READ 

Same Location 



JT 



jlti n_ 



-+— 180- 



•*— 281— »-) 



282 Pulses," 1 Per Cycle 

1 Pulse 

1 Pulse 
282 Bits, 1 Per Cycle 



Map Loop 

Gen JLJL.JL 

XFER 
RMAP 
Detect 



Cycles 



Map f : 308 
' Map 2 : 305 ' 



Ji_n_n____ 



Each function 
512 Pulses, 
1. Per 



-516 + 1024n- 



n_n_n_f- c : cles 



where n is an integer &1 
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FIGURE 6 — X, Y COIL TIMING 




Measured 



TIMING OF PULSES WITHIN A CYCLE 



MECHANICAL SPECIFICATION 

Package 

The MBM2256 device is a 16-pin dual-in-line package. 
The die is mounted on a printed circuit board carrier 
attached to a beryllium copper leadframe and encap- 
sulated in plastic compound. Two orthogonal coils and 
a pair of permanent magnets enclose the die and the 
whole device is molded into a Mumetal shield. A Z coil 
is included in the device to facilitate testing and ex- 
tended temperature range operation. 



Mechanical Data 

Package Size 

Package Weight 



.1.15 x 1.10x0.36 in 
(29.2 x 27.9 x 9.14) mm 
28 gm. 
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ENVIRONMENTAL SPECIFICATION 



Temperature Ranges 

Continuous operation at 125 kHz. Case temperature 
0° to 70°C. Non-operating, non-volatile storage -40° to 
100°C. 

External Magnetic Fields 

When subjected to an external magnetic field of 20 
Oe maximum in any direction, the device will continue 
to operate satisfactorily as long as the parameters are 
kept within the range specified in this document. 



Screen Tests 

Die Visual 

Stabilization 
Bake 

Temperature 
Cycling 



External Visual 



All Parts 100% 

100X Inspection consistent with 

MIL-883B, Method 2010, Cond. B 

As per MIL-STD-883B, Method 1008, 

Condition C, 150°C for 24 hours 

As per MIL-STD-883B, Method 1010, 

Condition B, 10 cycles -55°C -* 

125°C 

MIL-883B, Method 2009 



Qualification Testing 

Bond Strength 

Mechanical 
Shock 
Variable 
Frequency 



Thermal Shock 

Moisture 
Resistance 

Resistance to 
Solvent 
Solderability 
Lead Integrity 
Flammability 



MIL-883B, Method 2011.3, Condi- 
tion D 

MIL-883B, Method 2002, Condition 

B: 1,500Gfor0.5 ms 

MIL-883, Method 2007, Condition 

A: 20-2,000 Hz for 4 mins.; peak at 

20 G's. 

MIL-883, Method 1011 .3, Condition 

B: -55°C to 125°C, 15 cycles 

MIL-883B, Method D 1004.3 

MIL-883B, Method 2015.1 

MIL-883B, Method 2003.2 
MIL-883B, Method 2004.3 
Needle Flame, IEC 695-2-2 
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MBM2011A 



Advance Information 



GENERAL DESCRIPTION 

The MBM2011A is a 1,048,576 (2 20 ) bit magnetic bubble mem- 
ory device. All required magnetic components, including per- 
manent magnets, the drive field coils and protective magnetic 
shield are integral parts of the device. The package is a 1.15 x 1.10 
x 0.36 inch 16-pin DIP. 

The architecture of the MBM2011A features a double-period 
block-replicate organization with swap gates on the input track. 
Data storage is organized as 512 storage loops of 2,048 bits each. 
Additional loops are provided to store the error correction code 
and as redundant loops. In one of two dedicated map loops on- 
chip the redundant map loop data is stored. 

The MBM2011A magnetic bubble memory can be operated syn- 
chronously or asynchronously. Average access time to a page of 
data is less than 11.5 ms at 100 kHz. Data transfer rate is 100 
kilobits per second at 100 kHz. Average power dissipation at 100 
kHz is 1.0 W. The device will operate over a case temperature 
range of 0°C to 70°C, and data is retained without power from 
-40°Cto 100°C. 

The device is fabricated using a pseudo-planar process to im- 
prove operating margins as well as to enhance reliability. The use 
of CrCuCr in the conductor elements insures excellent conductiv- 
ity while greatly increasing resistance to problems associated with 
electromigration. 



1MX1 BIT 

MAGNETIC BUBBLE 

MEMORY DEVICE 




FEATURES 

• Non-volatile 

• High Density 

• Solid State 

• Low Power 

• Start/Stop Capability 

• Page-Oriented Access 



• On-Chip Redundant Loop Map 

• Swap Gates 

• Block Replicate 

• Error Correction Code Storage 

• 16-pin Dual-in-Line Package 





PIN ASSIGNMENTS 




X Coil - |T 


• 


Tj] Replicate - 


x coil + [7 




l|] SWAP + 


YCoil - (T 




14| Generate - 


Y Coil + [T 




iii] Generate + 


Case rr 
(AC Gnd) Li. 

Active rr 
Detector L2_ 

Reference rr 
Detector LL 

Detector CT 

Common ( + ) 1° 




i|] SWAP - 

7Tl Ma P 

iil Replicate - 

10l M ap 

— I Replicate + 

9| Replicate + 









This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 



12-13 



MBM2011A 



FIGURE 1 — BLOCK DIAGRAM 





Gen. 14 

(-) 



SWAP 15 

( + ) 



Rep 16 

(-) 



Input SWAP 
Port Gates 



Storage Loops 



Rep. 
Gates 



Output 
Port L Z 

_nrwv. 



*NOTE: 

The (+■) jack for the Z coil is the one closest to Pin 8. 



ZCoil 



Z 
Coil 
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ABSOLUTE MAXIMUM RATINGS 



Characteristics 


Min 


Max 


Units 


Operating Temperature (Case) (T c ) 





70 


°C 


Non-Volatile Storage Temperature 


-40 


100 


°C 


Storage Temperature 


-40 


120 


°c 


External Magnetic Field 


— 


20 


Oe 


Peak Current in X Coil* 


— 


900 


mA 


Peak Current in Y Coil* 


— 


1,100 


mA 


Peak Current in Z Coil* 


— ■ 


3,000 


mAdc 


Peak Replicate Current 


— 


25 


mAdc 


Peak Generate Current 


— 


35 


mAdc 


Peak Swap Current 


— 


15 


mAdc 


Peak Detector Current 


— 


5.0 


mAdc 


Coil Disturb Current with Data Retention 


— 


10 


mAdc 


Interelement Voltage 


— 


55 


V 



•These peak currents are allowed subject to the device temperature not exceeding the temperature limits. 
ELECTRICAL CHARACTERISTICS (T c = 0°C, rotating field frequency (f ) = 100 kHz) 
FUNCTION CURRENTS 



Characteristics 


Symbol 


Min 


Typ 


Max 


Units 


Generate Current 


IG 


190 


— 


230 


mA 


Swap Current 


is 


16 


— 


20 


mA 


Data Replicate Cut Current at Tc = 25°C (Note 1) 


'RC(25) 


134 


144 


154 


mA 


Data Replicate Transfer Current 


IRT 


30 


— 


40 


mA 


Map Replicate Cut Current at Tc = 25°C (Note 1) 


!RCM(25) 


67 


72 


77 


mA 


Map Replicate Transfer Current 


'RTM 


16 


— 


20 


mA 


Map Transfer In Current 


'tm 


-16 


— .. 


-20 


mA 


Detector Current 


'da 'dr 


3.8 


4.0 


4.2 


mA 


Temperature Coefficient of Cut Current (Map and Data) Referenced to 
Value atTc = 25°C (Note 1) 


«RC 


-0.32 


-0.34 


-0.36 


%/°C 



Note 1: Map and Data replicate cut currents require temperature compensation. The 
|RC(T) = lRC(25 11 + ^J (T-25)] « T =5 70X | RCM(T) = 

COIL DRIVES (See Figure 2) 



current at any case temperature, Tc, is given by: 

oeRC 
= IRCMI25) H + 77T (T-25)] s T s 70°C 



Characteristics 


Symbol 


Min 


Typ 


Max 


Units 


Coil Driver Supply Voltage 


Vx-Vy 


11.4 


12 


12..6 


V 


Coil Driver Switch on Resistance 
(2 switches in series) 


Ron 


0.7 


— 


1.8 


ft 


Coil Driver Clamp Diode Drop 
(2 diodes in series) 


Vclamp 


— 


— 


1.6 


V 


X Coil Peak Current 
(L x = nom, V x = nom) 
(Ron- V c |amp = nom) 


'XP 




650 




mA 


Y Coil Peak Current 
(Ly = nom, Vy = nom) 
( R on- v clamp = nom) 


l Y p 




740 




mA 


Coil Current Offset 


'xo- 'yo 


-10 


- 


10 


mA 


Stop Current Overshoot 


'so 


— 


— 


+ 10 
-0 


mA 


Total Coil Power 


Pc 


— 


- 


1.4 


W 


Z-Coil Sensitivity 




— 


26.5 


— 


Oe/A 


Z-Coil Current to Simultaneously Erase All Data Stored 
Rotating Field On 
Rotating Field Off 


'zap 


2.0 
3.0 


= 


- 


A 


Duration of Erase Current 


tZAP 


0.5 


- 


10 


ms 
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SCOPE 

This specification describes the magnetic, electrical, 
mechanical and environmental parameters of the 1 Mbit 
magnetic bubble device, MBM2011A as manufactured 
by Motorola Inc. 

DEVICE ORGANIZATION 

The 1 Mbit bubble memory chip uses a block-replicate 
organization with swap gates on the input track. The 
storage area is arranged as 512 storage loops each, with 
2,048 bit locations. Additional loops are provided for 
error correction (12), and defect tolerance (60), giving 
a totalof 584 loops. Data is written and read at the clock 
frequency which is the rotating field frequency. Figure 
1 is a schematic diagram of the 1Mbit chip. 

FIGURE 2 — X, Y COIL DRIVE 



Jsh 



FET 
Switch 






'- f'&ft^cfr 



®- 




H«i 



MBM 




rWi 



Ground 




^ ( 

(a.) TYPICAL DRIVE CIRCUIT 

Data Input 

To write into the device, the single generator is pulsed 
and the data pattern is propagated along the double 
period input track until it aligns with the storage loops. 
Operating the swap gates transfers the new data into 
the storage loops such that consecutive bits go into 
adjacent loops and simultaneously transfer out the old 
data. 



Data Output 

To read data, the replicate gate is pulsed and one bit 
is replicated from each loop into the double period out- 
put track. The data then propagates along the output 
track and through the detector such that data is read 
out at the clock frequency. 

Redundancy 

Of the 584 storage loops, 512 are allocated for data, 
12 for error correction and 60 for redundancy. These 60 
loops are used to mask inoperable minor loops and 
improve performance. Sixty loops are always declared 
redundant. Data should not be written into the redun- 
dant loops. 

Redundancy Map 

In addition to the 584 storage loops, the chip contains 
two map loops. These loops have their own transfer-in 
and replicate gates but share the generator and detector 
with the storage loops. Only one loop is required and 
is chosen at final test. The chosen loop is used to store 
the data which identifies the redundant loop map. A 
'one' designates a usable loop; a 'zero,' a non-usable 
loop. Preceding this map code is a stream of 64 'zeros' 
followed by a 'one' and a 'zero' which may be used to 
synchronize the external control circuitry with the mem- 
ory. The map loop used for storage of the redundancy 
information is also identified in the code (see "Coding 
of Redundancy Map"). Since only alternate bit positions 
are written into the map loop to enhance reliability, in- 
tervening bits are always zero and are ignored during 
read (see "Map Read Operation"). 

The redundancy map is also printed on the label of 
each device using hexadecimal format. Two digits are 
used per loop. Instead of providing the absolute loop 
number, the incremental difference between non- 
usable loops is printed. For example, if the first bad loop 
is #7, and the next two are 19 and 23, the sequence 
070C04 will be printed on the label. This format allows 
for an incremental difference between two non-usable 
loops of up to 255 (FF). Loop #292 is not connected in 
the 1Mbit device and is always declared bad. 




t = 2.5 /us 5.0 fis 7.5 /us 10 /its 

(b.) TYPICAL RISE/FALL IMBALANCE DUE TO DRIVE CIRCUIT 
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Coding of Redundancy Map. The map loop contains 1024 
bits of information in five fields. 







Number 








of 




Pattern 


Field 


Bits 


Notes 


MM....MM 


Map Data 


584 


(1) 


EE...EE 


Error Correction 


12 


(2) 


LL 


Loop 


2 


(3) 


UU...UU 


User 


360 


(4) 


00 0010 


Sync 


66 


(5) 



(1) Each bit corresponds to a data loop in sequence 
M = 1 identifies a usable loop (524). 

M = identifies a redundant loop (60). 

(2) Error correction code used is a fire code applied only to the map 
data. 

(3) Identifies which map loop contains the redundancy information 
01 — loop #1, 10 — loop #2. 

(4) This field may contain factory-pertinent information. It will not 
contain a duplicateof the sync pattern. 

(5) The sync pattern is used to locate the beginning of the map data 
field and identifies data page zero. 



Organizational Specifications 



Bits/Loop 


2,048 


Total Data Loops 


584 


Usable Data Loops 


524 


Error Correction Loops 


12 


User Data Loops 


512 


Total User Storage 


1,048,576 bits 


Map Loops 


2 



FUNCTIONAL DESCRIPTION 

Write Data Operation 

Writing data is accomplished by generating a pattern 
with a series of pulses applied to pins 1 3 and 14, starting 
tPGSF before the swap operation. As the device contin- 
ues to cycle after all data is generated, the new data 
and the old will be aligned at the swap gates after tpgsL- 
A swap pulse is applied to pins 12 and 15 at this time, 
swapping the new data in and the old data out. The old 
data are propagated out and discarded beyond the ac- 
tive area. 

Note: In order to ensure correct device operation, it is 
essential that at least one empty bit position follows the 
last bit of a data block. 

Read Data Operation 

To read data, the device must be cycled until the de- 
sired page is aligned with the replicate gates on the 
output side of the storage loops. A replicate cut pulse 
is applied to pins 9 and 16 to duplicate the page. This 
is immediately followed by a replicate transfer pulse 
which causes the duplicate bubbles to propagate into 
the output track. 

Detection occurs when a bubble passes under the 
magnetoresistive detector element. The bubble's mag- 
netic field causes the detector element to change resis- 
tance. By passing a constant current through the de- 
tector, this is converted to a voltage signal. A dummy 
detector which is not influenced by magnetic bubbles 
is used to cancel the background magnetoresistive 
signal. 

Output bubbles are discarded beyond the active area 
after detection. A complete page is read in tpRDL- 



INTERFACE IMPEDANCES 



Characteristics 


Symbol 


Min 


Typ 


Max 


Units 


Generate (2) 


•"G 


4.0 


— 


11 


n 


Swap (2) 


rs 


500 


— 


1150 


n 


Replicate (2) 


r R 


90 


— 


160 


n 


Map Replicate (Includes Map Transfer-In) (2) 


I'M 


28 


— 


65 


n 


Detector (Active and Reference) (2) 


RDA. TJR 


900 


— 


2000 


n 


Detector Active/Reference Ratio 




0.985 


— 


1.015 




X Coil Inductance 


Lx 


41 


— 


44 


MH 


Y Coil Inductance 


Ly 


36 


— 


39 


m h 


Z Coil Inductance 


Lz 


25 


— 


35 


mH 


X Coil dc Resistance 
Non-Operating, 25°C 


rx 


— 


3.3 


— 


n 


Y Coil dc Resistance 
Non-Operating, 25°C 


r V 


— ■ 


1.5 


— 


n 


Z Coil dc Resistance 
Non-Operating, 25°C 


r Z 


— 


0.75 


— ■ 


n 


X Coilac Resistance (2) 


'X 


3.3 


— 


5.3 


n 


Y Coil ac Resistance (2) 


r v 


2.1 


- 


3.1 


n 




NOTE: 

(2) Tc(min) = 0°C, non-operating 
T C(max) = 70° C ' operating 
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OUTPUT SIGNALS (Tc = 0°C to 70°C, f = 100 kHz) 












Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Common-Mode Output Signal 

(IDA = 'DR = 40 mA > 
Differential Peak-to-Peak Output Voltage (See Note 1) 
Id = 4.0 mA, See Figure 1 for measurement details) 


V cm 






50 


mV 


Logic 1 ..-■■■, 
Bubble, Present 


VOH 


TBD 


— 


— 


mV 


Logic 
No Bubble 


vol 


— 


— 


TBD 


mV 


Signal Strobe Leading Edge Phase 


tso 




191 




Degrees 


Signal Strobe Trailing Edge Phase 


tsc 




258 




Degrees 


Logic 1 Valid Window 


tiv 


50 






ns 



Note 1: Voh is defined as the difference between the most negative and the most positive signal excursions which occur 
t so to t S c when a bubble is being detected. Vol is similarly defined for the case of no bubble being detected. See 



within the phase window 
Figure 3. 



FIGURE 3 

0° 90" 




(a) DETECTOR BRIDGE OUTPUT 



+ 12V 

■-U- 



Reference > Active 
Detector £ Detector 



Scope Input Impedance: 
*2Mfl 
« 5.0 pF 



Differen- 
tial Probe 



4.0 mA 



, 4.0 mA 



30 MHz 
Oscil- 
loscope 



Common-Mode Rejection: 
3= 60 dB 

Frequency Response: 
s= 5.0 MHz 



(b) MEASUREMENT SETUP 



Map Read Operation 

To read the contents of the map, a series of alternate 
cycle map replicate pulses is applied to pins 10 and 11. 
Data will be available after tpMRD. Since map data is 
only loaded into alternate positions; in the loop, one 
pass may result in no data. In this case, the procedure 
is repeated after delaying one cycle. The outputs from 
the two map loops are merged, but only one loop con- 
tains data. See "Coding of Redundancy Map Loops" for 
decoding information. 
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Map Write Operation 

Writing the map loop is accomplished by generating 
map information as normal data on alternate cycles. 
After tpQji or tpgj2' P' ns 10 anc ' ^ 1 are pulsed with 



a series of negative map transfer pulses on alternate 
cycles. Selecting tpQji writes into map loop 1, selecting 
*PGT2 writes into map loop 2. 



TIMING CHARACTERISTICS Tq = 0°C to 70°C, f = 100 kHz. See Figure 4 for test conditions. All control pulses to have rise and 
fall times =s 80 ns (10%-90% of pk amplitude) unless otherwise noted. All pulsewidths measured at 50% amplitude unless 
otherwise noted. 

WRITE CYCLE TIMING 



Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Generate First Bit to Swap In (1) 


tPGS(F) 


— 


597 


— 


Cycles 


Generate Last Bit to Swap In (1) 


T PGS(L) 


— 


14 


— 


Cycles 


Swap In to Replicate Out (1) 


tPSR 


— 


1026 


— 


Cycles 


Swap In to Non-Volatile Storage (2) 


tps 


— 


2 


— 


Cycles 


Generate Delay Time (3) 


IDG 


70 




120 


Degrees 


Generate Pulse Width (4) 


tWG 


100 


150 


200 


ns 


Generate Fall Time 
(80%-90% of pk Amplitude) 


tFG 


200 




400 


ns 


Swap Delay Time (3) 


l DS 


270 




330 


Degrees 


Swap Pulse Width 


tws 


340 


370 


400 


Degrees 


READ CYCLE TIMING 


Replicate Out to Detect First Bit (1) 


tPRD(F) 


— 


91 


— 


Cycles 


Replicate Out to Detect Last Bit (1) 


tPRD(L) 


— 


674 


— 


Cycles 


Replicate Out to Swap In (1) 


tPRS 


— 


1022 


— 


Cycles 


Replicate Delay Time (3) 


*DR 







12 


Degrees 


Replicate Cut Pulse Width 


tWRC 


50 


75 


100 


ns 


Replicate Transfer Pulse Width 


tWRT 


80 


100 


120 


Degrees 


MAP READ AND WRITE CYCLE TIMING 


Characteristic 


Symbol 


Min 


Typ 


Max 


Units 


Map Replicate to Detect 


tPMRD 


— 


97 


— 


Cycles 


Generate to Map Loop # 1 Transfer 


l PGT1 


— 


608 


— 


Cycles 


Generate to Map Loop #2 Transfer 


1PGT2 


— 


605 


— 


Cycles 


Map Loop Transfer-In to Replicate 


tPTR 


— 


1028 


— 


Cycles 


Map Replicate Delay Time (3) 


tDRM 





— 


12 


Degrees 


Map Replicate Cut Pulse Width 


tWRCM 


50 


75 


100 


ns 


Map Replicate Transfer Pulse Width 


tWRTM 


80 


100 


120 


Degrees 


Map Transfer-In Delay Time 


*DTM 


270 


— 


330 


Degrees 


Map Transfer-In Pulse Width 


tWTM 


200 


220 


240 


Degrees 




NOTES: (1) Propagation times are defined from the beginning of the cycle in which the first signal occurs to the beginning of the cycle in which the 
second signal occurs. 

(2) Data is non-volatile at the end of the cycle in which the swap current is turned off. 

(3) These parameter limits are guaranteed when the device is driven with the X and Y current shown in Figure 4. Deviations from these drive 
conditions may cause these limits to change in absolute angle, but the phase range (max.-min.) will remain as specified. 

(4) Generate pulse width is defined from 50% amplitude on the rising edge to 90% amplitude on the falling edge. 
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FIGURE 4 — TEST CONDITIONS — X AND Y CURRENT WAVEFORMS 
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FIGURE 6 — X, Y COIL TIMING 

90° 180° 270° 360°(0)° 90° 

CURRENT PHASE REQUIREMENTS 




TIMING OF PULSES WITHIN A CYCLE 



MECHANICAL SPECIFICATION 

Package 

The MBM2011A device is a 16-pin dual-in-line pack- 
age. The die is mounted on a printed circuit board car- 
rier attached to a beryllium copper leadframe and en- 
capsulated in plastic compound. Two orthogonal coils 
and a pair of permanent magnets enclose the die and 
the whole device is molded into a Mumetal shield. A Z 
coil is included in the device to facilitate testing and 
extended temperature range operation. 



Mechanical Data 

Package Size 

Package Weight 



1.15 x 1.10x0.36 in 
(29.2x27.9x9.14) mm 

28 gm. 
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Temperature Ranges 

(See "Absolute Maximum Ratings") 



ENVIRONMENTAL SPECIFICATION 

Qualification Testing 

Bond Strength 



External Magnetic Fields 

When subjected to an external magnetic field of 20 
Oe maximum in any direction the device will continue 
to operate satisfactorily as long as the parameters are 
kept within the range specified in this document. 



Screen Tests 

Die Visual 

Stabilization 
Bake 

Temperature 
Cycling 

External Visual 



All Parts 100% 

100X Inspection consistent with 

MIL-883B, Method 2010, Cond. B 

As per MIL-STD-883B, Method 1008, 

Condition C, 150°C for 24 hours 

As per MIL-STD-883B, Method 1010, 

Condition B, 10 cycles -55°C -> 

125°C 

MIL-883B, Method 2009 



Mechanical 
Shock 

Variable 
Frequency 

Thermal Shock 

Moisture 
Resistance 

Resistance to 
Solvent 
Solderability 
Lead Integrity 
Flammability 



MIL-883B, Method 2011.3, Condi- 
tion D 

MIL-883B, Method 2002, Condition 
B: 1,500G for 0.5 ms 
MIL-883, Method 2007, Condition 
A: 20-2,000 Hz for 4 mins.; peak at 
20G's. 

MIL-883, Method 101 1 .3, Condition 
B: -55°C to 125°C, 15 cycles 
MIL-883B, Method D 1004.3 

MIL-883B, Method 2015.1 

MIL-883B, Method 2003.2 
MIL-883B, Method 2004.3 
Needle Flame, IEC 695-2-2 
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MC34044 



Advance Information 



GENERAL DESCRIPTION 

The MC34044 Bubble Memory Sense Amplifier is a monolithic 
bipolar linear integrated circuit which amplifies and detects the 
differential output signal of a magnetic bubble memory device. 
Peak-to-peak sensing is performed within a selected time window, 
thus rejecting noise which occurs outside that window. The Sense 
Amplifier circuit includes two matched, programmable current 
sinks which provide constant-current detector operation. The 
Sense threshold is externally selectable. The MC34044 is pack- 
aged in a 14-pin dual in-line package. 

FEATURES 

• True Peak-to-Peak Sensing 

• Independent Time Windows for Negative and Positive Peak 
Detection Permit Rejection of Unwanted Signal Noise 

• Constant Current Detector Operation — Currents Set by Exter- 
nal Precision Resistor 

• One of Three Preset Threshold Levels Selectable by User 

• Linear Threshold Control from External Source Optional 

• Noise Compensation Capacitor Reduces Susceptibility to Power 
Supply Noise 

• Chip Select Input and Three-State Output for Multiple-Bubble 
Systems 



BUBBLE MEMORY 
SENSE AMPLIFIER 





ln+ O 
In- O 



CSET O 



Gnd O- 



FIGURE 1 — BUBBLE MEMORY SENSE AMPLIFIER 
FUNCTIONAL DIAGRAM 



Comp 



VREF v DD 



OUT 




Clamp 



TSET 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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PIN ASSIGNMENT 

14-pin Dual In-line Package: 0.3-inch row spacing 
also 14-lead Flat-Pack 




PIN DESCRIPTIONS 
Output (three-state) 

OUT — Data Output — following the trailing edge 
of STROBE, indicates the state of the de- 
tected signal during the STROBE — high if 
the signal exceeded the threshold, low 
otherwise. Held in high-impedance state 
when CS is high. 



Supplies and Miscellaneous 

Vqd — Power supply voltage. 
Vref — Reference voltage for bias current and 
threshold. 

GND(3) — System ground (three pins). 

CSET — Detector current set resistor. 

TSET — Threshold select. 

COMP — Noise compensation capacitor. 



Inputs 

CS 

IN + 
IN- 



— Chip Select — enables the three-state data 
output. 

— Differential sense signal input — negative 
peak detect and threshold are with respect 
to the indicated polarities. Also provides the 
detector bias currents. 

CLAMP — Enables negative peak detection and acti- 
vates peak hold function. 

STROBE — Enables threshold comparator for positive 
peak detection. Trailing edge resets peak- 
hold function and enables OUT signal 
change. 



ABSOLUTE MAXIMUM RATINGS* 




Characteristic 


Value 


Unit 


Storage Temperature 


-65 to +150 


°C 


Ambient temperature with power applied 
Commercial Device 
Extended-temperature Device 


Oto +70 
-55 to +125 


°c 
°c 


Voltage — Vdd. IN + - IN - to GND 


-0.2 to +20 


Volts 


Voltage — any other pin to GND 


-0.2 to +6.0 


Volts 


Power dissipation 


TBD 


Watts 


'Absolute Maximum Ratings indicate limits beyond which permanent damage may occur to the device. Proper operation of the device requires that 
it be limited to the conditions specified under DC Electrical Characteristics. 

DC ELECTRICAL CHARACTERISTICS (T A = to 70°C, Vref = 2.50 V ± 1%) 


Parameter 


Symbol 


Min 


Max 


Unit 


Power Supply Voltage 


VDD 


10.8 


18 


Volts 


Power Supply Current 
(Excludes Id) 


Idd 


— 


25 


mA 


Current from Vref 
(Vref = 2.525 V) 


Iref 


— 


O.IId + 0.2 


mA 


Logic High In Voltage 


V|H 


2.0 


— 


Volts 


Logic Low In Voltage 


VlL 


— 


0.8 


Volts 


Logic High Out Voltage 
(lO = -4.0 mA) 


VOH 


2.7 


— 


Volts 


Logic Low Out Voltage 
(lO = 1.6 mA) 


vol 


'. — 


0.4 


Volts 


Logic High In Current 
(V| = 2.7 V) 


l|H 


— 


20 


fiA 
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DC ELECTRICAL CHARACTERISTICS (T A = to 70°C, V REF = 2.50 V ± 1%) 



Parameter 


Symbol 


Min 


Max 


Unit 


Logic Low In Current 
(V| = 0.4 V) 


IlL 


— 


-1.6 


mA 


Output Off-State Current 
(Vo = 0.4 - 2.7 V) 


ioz 


-20 


20 


MA 


Detector Current 


id 


io*vref-'Rset = 


10% 


Detector Current Mismatch 


'dm 


— 


2% 


— 


IN + , IN- DC Voltage 


V ICR 


3.0 


Vs-3.0 


Volts 


Differential DC IN Volts 


V|ND 


— 


200 


mV 


AC Common-Mode IN Volts 


V|CM 


— 


200 


mV 


Low Threshold Voltage 
(VTSET = Vref) 


VTL 


TBD 


TBD 


mV 


Nominal Threshold Voltage 
(TSET pin open) 


Vtn 


tbd 


TBD 


mV 


High Threshold Voltage 
(VjSET = 0.0 V) 


v T h 


TBD 


TBD 


mV 



Note 1: Includes 1% tolerance on RsET 



AC ELECTRICAL CHARACTERISTIC (T A = to 70°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


CS to OUT 


tco 


— 


300 


ns 


CS to OUT Disable 


tcz 


— 


300 


ns 


STROBE to OUT Change 


tso 


— 


300 


ns 


Delay Differential IN to Comparator Output 


td 


— 


300 


ns 



OPERATION 

Detection of a magnetic bubble within the memory 
device utilizes the magnetoresistive effect whereby a 
bubble passing beneath the detector element causes a 
change in its resistance. By passing a constant current 
through the detector, this resistance change can be 
sensed as a voltage change. A matched reference ele- 
ment which is not in the path of the bubble permits the 
use of differential sensing to cancel noise introduced 
by the rotating field. 

The Sense Amplifier circuit contains matched con- 
stant-current sinks for the active and reference detector 
elements. These elements should be connected beween 
the supply voltage and the IN+ and IN- pins respec- 
tively. These pins are connected internally to the current 
sinks. The current levels are matched and are set by 
meeans of a precision resistor connected externally be- 
tween the CSET pin and ground. A thermistor may be 
used to provide a temperature-compensated detector 
current if required for extended-temperature operation 
of the magnetic bubble memory. 

A differential amplifier across the two detector ele- 
ments amplifies the bubble signal. The difference signal 
is fed to a negative peak detect-and-hold circuit, and to 
another difference amplifier. The difference between 
the signal and the negative peak is fed to a voltage 
comparator where it is compared to a threshold voltage. 
A signal which exceeds the threshold indicates the pas- 



sage of a bubble beneath the detector. One of three pre- 
determined threshold voltages can be selected by con- 
necting the TSET pin to Vr^p or to GND or leaving it 
open. For extended-temperature operation, linear con- 
trol of the threshold can be accomplished by applying 
a linear voltage to TSET. 

Timing is provided through the CLAMP and STROBE 
inputs. CLAMP enables the negative-peak detector. The 
most-negative voltage appearing while CLAMP is high 
is stored until the trailing edge of STROBE. The output 
of the threshold comparator is enabled while STROBE 
is high, if the signal exceeds the negative peak by the 
threshold amount at any time while STROBE is high, a 
ONE is detected and latched. The output pin changes 
state at the trailing edge of STROBE. CLAMP and 
STROBE may be connected together and driven with a 
single signal. 

The COMP pin may be used to reduce the effect of 
power supply noise on the detector. A capacitor con- 
nected between COMP and Vprj increased the supply 
rejection performance of the internal regulator with 
respect to noise present on Vdq. The best value will 
depend upon the individual system, and is typically 
0.1 /xF. _ 

The Chip Select (CS) input is active-low. When CS is 
false (high) the three-state data output (OUT) is placed 
in the high-impedance state. Several Sense Amplifiers 
may have their OUT pins connected together with only 
one circuit enabled at a time via the CS pin. 
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FIGURE 2 — SIGNAL WAVEFORMS 
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FIGURE 3 — TYPICAL APPLICATION 
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Advance Information 



GENERAL DESCRIPTION 

The MC34046S and MC34047S Single Bubble Memory Opera- 
tion Drivers are monolithic bipolar linear integrated circuits which 
generate controlled-current pulses for the generate, swap, repli- 
cate and map-loop operations in a magnetic bubble memory de- 
vice. The MC34046S and MC34047S are pin-compatible and spe- 
cifically designed to drive the Motorola MBM2256 (256-kilobit) 
and MBM2011 (one-megabit) bubble memories respectively. They 
differ only in the amplitudes of the current pulses generated. Each 
Operation Driver can drive one bubble memory. Basic control/ 
timing signals are input to the Operation Driver from the bubble 
memory controller. Each circuit contains a voltage booster to pro- 
vide the high-voltage required by the swap and replicate circuits. 
Under-voltage detection prevents operation until this supply has 
reached its proper level. The circuits are packaged in 28-pin, 0.6- 
inch wide dual in-line packages. 

FEATURES 

• Single Bubble Memory Drive Capability 

• Controlled-current Sinks Assure Proper Currents Independent 
of Variations in Bubble Gate Resistances 

• Currents Independently Set by External Precision Resistors 

• Temperature Compensation of Currents Via External Thermis- 
tor if Desired 

• GENERATE Pulse Specially Shaped to Prevent Multiple Bubble 
Generation 

• Pulse Time-out Circuit Protects Against Physical Damage in the 
Event of a Stuck Input Timing Signal 

• On-chip High-voltage Source — System Interlocked until Proper 
Voltage is Present 

• Chip Select Input for Multiple-bubble Systems 

• Full Map Loop Read and Write Operation 



ABSOLUTE MAXIMUM RATINGS* 



Characteristic 


Value 


Unit 


-Storage Temperature 


-65 to +150 


°C 


Ambient Temperature with power applied 
Commercial Device 
Extended-temperature Device 


to +70 
TBDto +85 


°C 

°c 


Voltage — VboOST- IND, IREP, ISWAP 


-0.2 to +35 


Volts 


Voltage — IGEN1, IGEN2, IMAP 


-0.2 to +20 


Volts 


Voltage — Vcc 


-0.2 to +7.0 


Volts 


Voltage — any other pin to GND 


-0.2 to +6.0 


Volts 


Power dissipation 


TBD 


Watts 


•Absolute Maximum Ratings indicate limits beyond which permanent damage may occur to 
the device. Proper operation of the device requires that it be limited to the conditions 
specified under DC Electrical Characteristics. 



MC34046S 
MC34047S 



SINGLE 

BUBBLE MEMORY 

OPERATION DRIVERS 




This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 





PIN ASSIGNMENTS 
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PIN DESCRIPTIONS 



Inputs 

CS 

D IN1 

D IN2 

SYNC 

GEN 

SWAP 

REP 

RMAP 

CUT 

Outputs 

IGEN1 

IGEN2 

ISWAP 

IREP 

IMAP 



Chip Select 
Driver. 



enables the Operation 



— Data inputs (two channels). 

— Data input clock (rising edge). 

— Trigger for GENERATE current pulses. 

— Enable SWAP current pulse. 

— Enable REPLICATE current pulse. 

— Enable MAP-REPLICATE current pulse. 

— Timing for CUT portion of REPLICATE and 
MAP-REPLICATE current pulses. 

— GENERATE current pulses (two channels). 



SWAP current pulse. 
REPLICATE current pulse. 
MAP-REPLICATE current pulse. 
PDNO — Power Down Output — indicates that 
VgooST ' s below its minimum operating 
value. 



Supplies and 

GSET — 
SWSET — 
TOSET — 
RCSET — 

V C C(2) - 
VREF - 
VBOOST — 
IND — 

GND(4) — 



Miscellaneous 

GENERATE current set. 

SWAP current set. 
REPLICATE-TRANSFER current set. 
REPLICATE-CUT current set (adds to 
TRANSFER current). 
Power supply voltage (2 pins). 
Reference voltage used to set currents. 
High-voltage power supply output. 
Inductor and diode used in voltage-boost 
circuit (see application diagram). 
System Ground (4 pins). 



FIGURE 1 — FUNCTIONAL DIAGRAM 




IGEN1 
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DC ELECTRICAL CHARACTERISTICS (T A = to 70°C, V REF = 2.50 V ±1%) 



Parameter 


Symbol 


Min 


Max 


Unit 


Power Supply Voltage 


vcc 


4.75 


5.25 


Volts 


Power Supply Current 


ice 


— 


100 


mA 


Current from Vr EF 
(V REF = 2.475 V) 


Iref 


- 


2.0 


mA 


Boost Supply Voltage 


v BOOST 


28 


35 


Volts 


Logic High In Voltage 


VlH 


2.0 


— 


Volts 


Logic Low In Voltage 


V|L 


— 


0.8 


Volts 


Logic Low Out Voltage 
dO = 4.0 mA) 


vol 


— 


0.4 


Volts 


Logic High In Current 
(V| = 2.7 V) 


l|H 


— 


10 


/xA 


Logic Low In Current 
(V| = 0.4 V) 


iil 


- 


-1.6 


mA 


Output Leakage Current 
(Output Off) 


lOL 


— 


100 


AtA 


IREP, ISWAP Saturation 


V SATH 


— 


6.0 


Volts 


Saturation Voltage — Other Outs 


VSATL 


— 


3.0 


Volts 



Note: The Bubble Memory Controller WRITE MAP command should not be executed more often than once per second, or the Operation Driver 
maximum power dissipation limit will be exceeded. 

MC34046S ONLY (V RE p = 2.50 V ± 1%, Current Set Resistors = 6.04 kil ±1% each) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Generate Current 


lG 


180 


220 


mA 


SWAP Current 


isw 


25 


31 


mA 


REPL-Transfer Current 


IRT 


28 


42 


mA 


REPL-Cut Current (Note 1) 


^C 


75 


95 


mA 


MAP-REP-Transfer Current 


'mt 


28 


42 


mA 


MAP-REP-CUT Current (Note 1) 


'mc 


75 


95 


mA 



MC34047S ONLY (V RE p = 2.50 V ±1%, Current Set Resistors = 6.19 kn ±1% each) 



Generate Current 


lG 


190 


230 


mA 


SWAP Current 


'sw 


16 


20 


mA 


REPL-Transfer Current 


IRT 


30 


40 


mA 


REPL-CUT Current (Note 1) 


'rc 


130 


150 


mA 


MAP-REP-Transfer Current 


Imt 


16 


20 


mA 


MAP-REP-CUT Current (Note 1) 


'MCI 


65 


75 


mA 



Note 1: CUT current is the sum of the currents determined by the resistors connected to TOSET and RCSET. 



AC ELECTRICAL CHARACTERISTICS (T A = to 70°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


DIN Setup Time 


l DSU 


50 


— 


ns 


DIN Hold Time 


tDH 


50 


— 


ns 


CUT Current Risetime 
(MC34047S only) 


tCR 


— 


50 


ns 


Other Out Current Rise 


tr 


■ — 


100 


ns 


IGEN Current Fall 


tGF 


200 


400 


ns 


CUT Current Falltime 
(MC34047S only) 


tCF 


— 


100 


ns 


Other Out Current Fall 


tF 


- 


200 


ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 



Parameter 


Symbol 


Min 


Max 


Unit 


IGEN Pulse Width 


l GW 


50 


200 


ns 


CS to any Output 


'CSO 


— 


250 


ns 


GEN to IGENx Delay 


tGGO 


— 


200 


ns 


SWAP to ISWAP Delay 


tsso 


— 


160 


ns 


Other In-Out Delays 


tio 


— 


100 


ns 


SWAP Time-out 


tSTO 


— 


80 


/xS 


REPL-Transfer Time-out 


trro 


— 


50 


/U.S 


REPL-CUT Time-out 


tCTO 


— 


4.0 


/xS 


GEN to SYNC 


tGS 


1.1 


— 


/xS 




OPERATION 

The magnetic bubble memory device requires a se- 
ries of current pulses of proper timing, amplitude, and 
shape to generate and route the bubbles. These pulses 
are produced by the Operation Driver in response to 
signals generated by the controller. 

The generate pulse creates a bubble in the input track. 
It is a fixed-width pulse triggered by the rising edge of 
the GEN input. A controlled fall time prevents multiple- 
bubble generation which can occur if the trailing edge 
is too sharp. Two generate outputs, IGEN1 and IGEN2, 
can drive separate bubble devices. They are independ- 
ently enabled by data signals received on DIM and DIN2 
respectively. The DIN sig nals are latched internally on 
the rising edge of SYNC prior to the GEN input. A high 
level on DINx will enable IGENx. 

The Swap Pulse, ISWAP, causes an exchange of bub- 
bles between the input track and the storage-loop 
tracks. It is on when the SWAP input is high. ISWAP is 
normally connected to the data swap gate on the bubble 
device, but if map loop write capability is required, it 
may be connected via a switch, jumpers, etc. to the map 
gate. 

The replicate function copies bubbles from the 
storage-loop tracks onto the output track. A two-step 
pulse is used. A high-current, narrow initial portion cuts 
the elongated bubble in two; a lower-current, wider 
trailing portion transfers the trailing bubble onto the 
output track. Separate outputs are provided for data 
replicate, IREP, and map replicate, IMAP. These outputs 
are controlled by three input signals: REP or RMAP 
when high enables IREP or IMAP respectively; CUT 



when high enables the high-current portion of which- 
ever pulse is simultaneously enabled. 

The current levels of the various pulses are set by 
means of precision resistors connected externally be- 
tween each of four pins and ground: 

• GSET controls IGEN1 and IGEN2. 

• SWSET controls ISWAP. 

• TOSET controls the lower (transfer) level of IREP and 
IMAP. 

• RCSET controls the initial (cut) portion of IREP and 
IMAP. This current is added to that determined by 
TOSET. 

Temperature compensation of the currents for ex- 
tended-temperature operation, can be done by using 
thermistor networks on the SET pins. 

The Chip Select (CS) input is active high. When it is 
false (low) all current outputs are disabled. Since some 
of the current pulse levels, if sustained would damage 
the bubble device or the driver, a time-out circuit is 
included which will shut off any pulse if the input signal 
should remain active too long. 

The higher resistance of the swap and data replicate 
gates requires a higher drive voltage than the normal 
power supply, Vqq. This voltage, Vbqost- is provided 
by an on-chip voltage booster in conjunction with an 
external inductor, capacitor, and diode. When VbooST 
is bel ow its specified range the Power Down Output 
signal PDNO is held low. This is an open-collector out- 
put signal and may be externally wire-ored. 
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FIGURE 2 — SIGNAL WAVEFORMS 
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FIGURE 3 — TYPICAL APPLICATION OPERATION DRIVER 
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Advance Information 



GENERAL DESCRIPTION 

THE SC42468 Bubble Memory Coil Pre-driver is a monolithic 
CMOS integrated circuit which generates control signals for driv- 
ing the X and Y field coils of a magnetic bubble memory device. 
The coil currents are switched through bridge configurations of 
complementary MOS Power FETs which are packaged separately. 
Basic control/timing signals are input to the coil pre-driver from 
the bubble memory controller. 

The Coil Pre-driver also contains under-voltage sensing circuits 
for the two bubble memory system power supply voltages. These 
circuits provide an interlock signal which can be used to provide 
an orderly shut-down so as to prevent loss of data in the event 
of a loss of D.C. power. The SC42468 is packaged in a 20-pin dual 
in-line package. 



FEATURES 

• Level Shift from TTL to Coil Drive Voltage 

• High Load-Capacitance Drive Capability for Low-On-Resistance 
Power FET Coil Drivers 

• Coils Grounded When not Operating 

• Interlock Disables Operation Driver When Coils are not Being 
Driven 

• Under-Voltage Detection and Interlock 

• Chip Select Input for Multiple-Bubble Systems 



ABSOLUTE MAXIMUM RATINGS* 



Characteristic 


Value 


Unit 


Storage Temperature 


- 65 to + 1 50 


°C 


Ambient temperature with power applied 
Commercial Device 
Extended-temperature Device 


Oto +70 
-55 to +125 


°C 

°c 


Voltage — Vqd and Coil Drive Outputs 


-0.5 to +15 


Volts 


Voltage — any other pin to GND 


-0.5 to +7.0 


Volts 


Output Driver Current 


180 


mA 


Power dissipation 


1.2 


Watts 


'Absolute Maximum Ratings indicate limits beyond which permanent damage may occur to 
the device. Proper operation of the device requires that it be limited to the conditions 
specified under DC Electrical Characteristics. 



BUBBLE MEMORY 
COIL PREDRIVER 




This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 





PIN ASSIGNMENTS 
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I?) XBO 
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20-pin Dual In-line 


Package: 0.3-inch row spacing 
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PIN DESCRIPTIONS 



Inputs 

CS 

XA 
XB 
YA 
YB 



— Chip Select — enables operation of the coil 
pre-d river. 

— X coil positive current enable. 

— X coil negative current enable. 

— Y coil positive current enable. 

— Y coil negative current enable. 



Supplies and Miscellaneous 

Vqd — Coil driver supply voltage. 

Vcc — Logic supply voltage. 

Vrep — Reference voltage for sensing circuits. 

V SENSE — V DD sensing input. 

GND — System Ground. 



Outputs 

XAO 


— X-coil positive-current N-channel driver 
enable. 


XAOC 


— X-coil positive-current P-channel driver 
enable. 


XBO 


— X-coil negative-current N-channel driver 
enable. 


XBOC 


— X-coil negative-current P-channel driver 
enable. 


YAO 


— Y-coil positive-current N-channel driver 
enable. 


YAOC 


— Y-coil positive-current P-channel driver 
enable. 


YBO 


— Y-coil negative-current N-channel driver 
enable. 


YBOC 


— Y-coil negative-current P-channel driver 
enable. 


RUN 


— Indicates that the X and Y coils are being 
driven — enables the operation driver. 



PDNO — Power Down Output — indicates that at 
least one of the power supply voltages is 
below its minimum operating value. 



FIGURE 1 — FUNCTIONAL DIAGRAM 
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DC ELECTRICAL CHARACTERISTICS (V RE f = 2.50 V ±1%, T A = 25°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Coil Supply Voltage 


V D D 


9.0 


14.5 


Volts 


Logic Supply Voltage 


v C c 


4.75 


5.25 


Volts 


Current from Vprj 
(Vqd = 12.0 V, CS = 0) 


'ddt 


— 


TBD 


mA 


Current from Vqq 
(V DD = 12.0 V, CS= 1) 


IDD2 


— 


TBD 


mA 


Current from Vcc 
(V C c = 5.25 V) 


'cc 


— 


TBD 


mA 


Current from Vref 
(VREF = 2.525 V) 


IREF 


— 


TBD 


mA 


Logic High In Voltage (TTL) 


VlH 


2.0 


— 


Volts 


Logic Low In Voltage (TTL) 


V| L 


— 


0.8 


Volts 


Logic High Out Voltage (TTL) 
(lO = -0.4 mA) 


V H 


2.7 


— 


Volts 


Logic Low Out Voltage (TTL) 
(lO = 1.6 mA) 


vol 


— 


0.4 


Volts 


Logic High In Current 
(V| = 2.7 V, Vcc = 50 v » 


llH 


— 


20 


^A 


Logic Low In Current 
(V| = 0.4 V, Vcc = 5.0 V) 


Iil 


— 


-40 


/jA 


Driver High Out Voltage (CMOS) 
(IDOH ■= -10 mA) 


vdoh 


Vdd-0.3 


— 


Volts 


Driver Low Out Voltage (CMOS) 

(Idol = 10 mA) 


Vdol 


— 


0.2 


Volts 


Driver High Out Current 


Idoh 


-250 


— 


mA 


Driver Low Out Current 


'dol 


250 


— 


mA 


Input Capacitance 


C IN 


— 


15 


pF 


Vcc Detection Threshold 


VTCC 


TBD 


TBD 


Volts 


VsENSE Detect Threshold 


Vts 


TBD 


TBD 


Volts 


Vcc Power Up Enable 


vecc 


TBD 


TBD 


Volts 


Vqd Power Up Enable 


vedd 


TBD 


TBD 


Volts 



AC ELECTRICAL CHARACTERISTICS (V DD = 10.8 to 13.2 V, T A = 25°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Output Rise Time 
(C|_ = 450 pF) 


tr 


— 


35 


ns 


Output Fall Time 
(C|_ = 450 pF) 


tf 


— 


35 


ns 


CS* to Driver Out 
(C|_ = 450 pF) 


tDCD 


— 


300 


ns 


CS* to RUN Delay 


tDCR 


— 


300 


ns 


Other In to Driver Out 
(Cl = 450 pF) 


tDID 


— 


150 


ns 


Other In to RUN Out 


tDIR 


■ - 


TBD 


ns 
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FIGURE 2 — SIGNAL WAVEFORMS 
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OPERATION 

The magnetic bubble memory device requires a ro- 
tating magnetic field which is produced by the inter- 
action of two orthogonal (X,Y) coils mounted inside the 
package. A uniform rotating field would be produced 
by driving the coils with sinusoidal currents displaced 
by 90° in time. In actual practice, an approximately tri- 
angular current waveform is produced by applying a 
voltage pulse to each coil through transistor switches 
and allowing the inductance of the coil to integrate the 
voltage into a current ramp. The pulse duration is small 
relative to the time-constant of the coil and series tran- 
sistors so that the current ramp is approximately linear. 

Timing inputs to the Coil Pre-driver are provided to 
the XA, XB, YA, and YB pins. These signals are active- 
high and enable the application of voltage pulses to the 
coil driver FETs, which in turn enable current flow in 
the coils. XA and YA enable positive current flow; XB 
and YB enable negative current flow. Four output drive 
signals are provided for each coil, one for each of the 
four switch transistors in the bridge (two P-channel, two 
N-channel). These correspond to the four inputs and 
their logical complements except that if both X(Y) inputs 
go high, all four X(Y) outputs go high. This is the off 
state wherein all N-channel drivers are turned on thus 



grounding both ends of both coils. When either coil is 
in the off state (XA = XB = high, or YA = YB = high), the 
RUN output is held low to disable the Operation Driver. 

Note that the "X" and "Y" halves of the circuit are 
identical as are the "A" and "B" portions within each 
half. This symmetry may be taken advantage of to sim- 
plify printed-circuit board layout in some cases by in- 
terchanging "X" a nd "Y " or "A" and "B." 

The Chip Select (CS) input is active-low, and when 
false (high) overrides the timing inputs forcing the coil 
drivers into the off state, and places the Coil Pre-driver 
into a standby mode with reduced power consumption. 
Chip Select may be used to selectively enable one of 
a parallel-Wired group of bubble memories, each with 
its own set of suppo rt circuit s. 

The Power Down (PDNO) signal is active-low and 
goes low whenever either Vcc or ^DD drops below its 
normal operating range. Vcc is sensed internally, but 
since VqD is variable (dependent on the operating fre- 
quency) it is sensed through the VgENSE pin using a 
voltage divider (Ri and R2) from Vrjr> At nominal Vqq, 
VjSENSE should be 2.90 volts. When power is applied, 
PDNO is held low until both V cc and ^DD nave reached 
their operating values. PDNO has an open-drain output 
and may be externally wired-ored. 




12-35 



SC42468 



FIGURE 3 — TYPICAL COIL WAVEFORMS 

(X-COIL IDENTICAL, PHASE SHIFTED) 

(1) ASSUMING X-COIL ALREADY BEING DRIVEN 
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FIGURE 4 — TYPICAL APPLICATION 
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GENERAL DESCRIPTION 

The SC42584 and SC42585 Bubble Memory controllers are 
monolithic HMOS integrated circuits which control the operation 
of the Motorola MBM2256 (256 Kilobit) and MBM2011 (1 Megabit) 
Magnetic Bubble Memories, respectively. They provide the inter- 
face between a Magnetic Bubble Memory (MBM) subsystem and 
the user system, including data and map loop read and write, 
redundant loop management, error correction, and all bubble 
memory timing. The SC42584 and SC42585 are functionally equiv- 
alent and pin-compatible. They differ only in data record length 
and bubble memory control pulse timing. They are packaged in 
40-pin dual-in-line packages with 0.6-inch pin row spacing. 

FEATURES 

• Single-Chip Integrated Circuit 

• Generation of All Bubble Memory Timing Signals 

• Operation of 1 to 8 Bubble Memories in Parallel 

• Complete Error Correction/Detection 

• Dynamic Data Buffering of 16 Bytes 

• Complete Redundant Loop Management 

• Direct 8-bit Microprocessor Bus Interface 

• Programmed, Interrupt, or DMA Data Transfer 

• Power-Failure Interlock 

• On-chip Crystal-Controlled Oscillator 

• Simple Software Interface with Diagnostic Capability 

• Bootloop Write with Mechanical Interlock 



ABSOLUTE MAXIMUM RATINGS* 



Characteristics 


Value 


Unit 


Ambient temperature with power applied 
Commercial device 
Extended-temperature device 


to + 70 
-55 to + 125 


°C 
"C 


Storage Temperature 


-65 to +150 


°c 


Voltage — any pin with respect to GND 


-0.5 to + 7.0 


Volts 


Power dissipation 


1.0 


Watts 


* Absolute Maximum Ratings indicate limits beyond which permanent damage 
may occur to the device. Proper operation of the device requires that it be 
limited to the conditions specified under DC Electrical Characteristics. 
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BUBBLE MEMORY 
CONTROLLERS 




FIGURE 1 — 


PIN ASSIGNMENTS 
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DRQ 




1 • 


40 




vcc 


D7 




2 


39 




XIN 


D6 




3 


38 




RESIT 


D5 




4 


37 




XOUT 


04 




5 


36 




STROBE 


D3 




6 


35 




CUT 


D2 




7 


34 




REP 


D1 




8 


33 




SWAP 


00 




9 


32 




GEN 


DACT? 




10 


31 




RMAP 


WR 




11 


30 




YB 


RD 




12 


29 




YA 


es 




13 


28 




XB 


A2 




14 


27 




XA 


A1 




15 


26 




SRCLK 


A0 




16 


25 




SYNC 


INT 




17 


24 




WftMAP 


DIN 




18 


23 




CIRMAp' 


MAPDATA 




19 


22 




CLKMAP 


GND 




20 


21 




DOUT 


40-pin dual in-line package; 


0.6-inch 


row spacing 



This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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PIN DESCRIPTIONS 



RESET 



Data Bus 
(D7-D0) 

Address 
(A2-A0) 
CS 




User Interface 

— If a command is executing, initiates an 
orderly termination; resets and precon- 
ditions internal registers and control 

/logic. 

— Bidirectional transfer of data, com- 
mands, and status between the user 
system and the controller. 

— Selects one of eight internal registers 
for bus transfer. 

— Chip Select — enables the user data-bus 
interface. 

RD — Read Enable — enables reading from 

^. the addres sed re gister in conjunction 

with CS or DACK. 
WR — Write Enable — enables writing to the 

addre ssed re gister in conjunction with 

CS or DACK. 

INT — Interrupt — programmable to indicate 

data request or command completion. 

DRQ — Data Request — indicates that the 

contrller is ready for a data byte transfer 
to or from the user system. 

DACK — Data Acknowledge — enables a transfer 

between the bus and the data buffer in 
conjunction with RD and WR but inde- 
pendent of A2-A0. 



External Map Memory Interface 

MAPDATA — Data from external redundancy-map 
memory. 

CLRMAP — Initializes (clears to zero) the redun- 
dancy-map memory address counter. 

CLKMAP — Rising edge increments the redun- 
dancy-map memory address counter. 

WRMAP — Enables writing data from the MBM(s) 
to the redundancy-map memory. 

Supplies and Miscellaneous 

XIN — Crystal connections for controller clock 

XOUT oscillator. Alternatively, XIN may be dri- 

ven with an externally-generated square 
wave at standard TTL levels, in which 
case, XOUT should be left unconnected. 

VCC — Power supply voltage: 5 V ± 5 percent. 

GND — System ground, 



Bubble Memory Interface 



DIN 



DOUT 



STROBE 



SYNC 



SRCLK 



XA 



XB 



YA 



YB 



— Data In — serial data from MBM sense 
amplifier (single-MBM bank) or parallel- 
to-serial shift register (multiple-MBM 
bank). 

— Data Out — serial data to MBM opera- 
tion driver (single-MBM bank) or to 
serial-to-parallel shift register (multiple- 
MBM bank). 

— Data timing signal — defines sample 
window for sense amplifier. Trailing 
edge latches detected data in sense am- 
plifier. Leading edge latches data into 
operation driver in single-MBM bank. 

— Data timing for multiple-MBM bank. 
Loads data from sense amplifiers into 
a parallel-to-serial shift register. Trailing 
(rising) edge clocks data from a serial- 
to-parallel shift register into the opera- 
tion driver(s). 

— Clock for shift registers used in a mul- 
tiple-MBM bank. Rising edge advances 
shift registers. Falling edge internally 
samples data on DIN or changes data 
on DOUT. 

Timing signals to op- 
eration driver which 
control the corre- 
y sponding currents. Cut 
current is produced by 
the conjunction of CUT 
and REP or CUT and 
RMAP. 

— X coil positive cur-" 
rent enable. 



GEN 


— Generate 


SWAP 


— Swap 


REP 


— Replicate 


RMAP 


— Replicate Map 


CUT 


— Cut 



— X coil negative 
current enable. 

— Ycoil positive cur- 
rent enable. 

— Y coil negative 
current enable. 



When the -A and 
-B signals are 
k both high, the cor- 
responding coil is 
off and both ends 
are grounded. 



12-38 



SC42584*SC42585 



DC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Volts ±5% unless otherwise specified.) 



Parameter 


Symbol 


Min 


Max 


Unit 


Input Low Voltage 


V| L 


-0.5 


0.8 


V 


Input High Voltage 


V|H 


2.0 


Vcc + 0.5 


V 


Output Low Voltage 
(lOL = 2.0 mAI 


vol 


— 


0.4 


V 


Output High Voltage 
dOH = -500^) 


V H 


2.4 


— 


V 


V HforXA,XB,YA,YB(1) 


VCOH 


2.4 


— 


V 


XIN Input Low Voltage 


VXINL 


-0.5 


0.4 


V 


XIN Input High Voltage 


V XINH 


2.4 


Vcc + 0.5 


V 


Input Current 
(V|N = to V G c) 


IlL 


— 


10 


/J.A 


Output Off-state Current 
(VOUT = - 45 to V CC> 


ioz 


-10 


10 


/xA 


Vqc Supply Current 
(V C c = 5.25 V) 


] CC 


— •' 


150 


mA 



(Note 1 ) Vcc = 5 V, 

V C C = 2.8 V, 



lOH = _ 0.5mA 
Iqh = -0.1mA 



AC ELECTRICAL CHARACTERISTICS 



Parameter 


Symbol 


Min 


Max 


Unit 


Clock Period 


4 CY 


100 


333 


ns 


Clock High Time 


l CH 


0.4 


0.6 


t C Y 


Clock Rise Time 


*CR 


— 


25 


ns 


Clock Fall Time 


tCF 


— 


25 


ns 


RESET Pulse Width 


*WRE 


64 


— 


*CY 


Reset Disable Delay 


tDRD 


— 


192 


tcY 


DRQ Turn Of Delay 


tDDR 


— 


300 


ns 


INT Turn Off Delay 


*DIN 


— 


150 


ns 


CS & Address Set Up 


*AS 


25 


— 


ns 


CS & Address Hold 


*AH 





— 


ns 


Time Between Successive RD Pulses 


tROFF 


2.0 


— 


*CY 


Read Data Delay 
(C L = 30 pF) 
(C|_ = 100 pF) 


tDDR 


- 


250 
300 


ns 
ns 


Data Bus Turn Off 
(Cl = 20 - 100 pF) 


tDZ 


20 


100 


ns 


WR Pulse Width 


tww 


200 


— ; 


ns 


Time Between Successive WR Pulses 


tWOFF 


2.0 


— 


tCY 


Write Data Set Up 


tDSW 


25 


— 


ns 


Write Data Hold 


tDHW 


25 


— 


ns 


DIN, MAPDATA Set Up 


tDIS 


50 


— 


ns 


DIN, MAPDATA Hold 


tDIH 


50 


— 


ns 


DOUT Delay 


tDOD 


— 


100 


ns 
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BUBBLE MEMORY DEVICE OPERATION 

The magnetic bubble memory (MBM) device stores 
data as the presence or absence of locally-polarized 
domains referred to as bubbles in a thin film of magnetic 
garnet material. A pattern of magnetic material on the 
surface defines stable locations for the bubbles and 
paths between them. A rotating magnetic field is pro- 
duced in the plane of the film by two orthogonal coils 
within the MBM package. One cycle of field rotation 
advances all bubbles one position on their respective 
tracks. The field may be stopped at the end of any cycle, 
and the bubbles will remain in place. 

The data storage area is organized, as a number of 
closed storage loops. Input and output tracks carry bub- 
bles to and from the storage loops and are intercon- 
nected with the loops at opposite ends by swap and 
replicate gates respectively. One physical page of data 
consists of one bit from each of the storage loops. Fig- 
ure 2 is a functional diagram of the MBM. Actual im- 
plementation may be different. Table 1 gives the MBM 
capacities. 

A generator creates bubbles in the input track as re- 
quired to write data into the MBM. When a number of 
data bits equal to the number of storage loops has been 
entered into the input track and shifted into alignment 
with the loops, a swap pulse is applied which inter- 
changes each bit in the input track with one bit in the 
adjacent storage loop. The bits swapped out are shifted 
to the end of the input track and annihilated. 

To read data non-destructively, a replicate-cut-trans- 
fer pulse is applied. This pulse causes a stretched bub- 
ble at the replicate gate of each storage loop to be cut 
into two full-sized bubbles with the trailing bubble trans- 
ferred to the output track while the leading bubble re- 
mains in the storage loop. Bubbles in the output track 
are then shifted to the detector which consists of a 
matched pair of magneto-resistive elements. Bubbles 
pass beneath the active detector element causing a 
change in its resistance, and are then destroyed. A con- 
stant current passed through the detector converts the 
resistance change into a voltage change. The reference 
detector element provides cancellation of noise induced 
by the rotating field, through the use of differential 
detection. 

In order to improve MBM device yields, extra redun- 
dant storage loops are provided, and the device is 
permitted to have a limited number of non-functioning 
loops. Since data transfer between the controller and 
the MBM is bit serial, if the controller knows the loca- 
tions of the non-functioning loops, it can skip over them. 
For this purpose, two additional storage loops are pro- 
vided, one of which is loaded at the factory with a map 
of the useable data loops; the other is empty. The map 
loops communicate with the same input and output 
tracks as the data loops, but have separate control in- 
puts for replicate and transfer-in (the map write function 
does not perform a true swap). 



SYSTEM DESCRIPTION 

The Magnetic Bubble Memory Controller provides the 
complete interface between a user system and a mag- 
netic bubble memory subsystem. The user communi- 
cates with the controller via an eight-bit parallel bi- 
directional data bus which carries commands, data, 
status, and associated control information. This data 
bus is designed to connect directly to a microprocessor 
system. The controller contains eight internal registers 
which can be mapped via three address lines directly 
into memory locations or I/O ports in the user system. 

The controller is specifically designed to interface 
with the following Motorola bubble memory devices 
and support circuits: 

• MBM2256 and MBM201 1 Magnetic Bubble Memories 
— 256 kilobit and one megabit devices respectively. 

• SC42468 Coil Pre-driver — provides the necessary 
drive for the X and Y coil drivers (MOS power FETs) 
and also provides power supply low-voltage detection. 

• MC34046 and MC34047 Operation Drivers — provide 
the generate, swap, replicate, and map replicate 
current pulses for the MBM2256 and MBM2011 
respectively. 

• MC34044 Sense Amplifier — provides the detector 
bias currents and bubble signal detection. 

The controller can operate 1, 2, 4, or 8 MBMs in par- 
allel, each with its own support circuits. Parallel oper- 
ation multiplies the single-MBM physical page size and 
data transfer rate by the number of MBMs operated (1, 
2, 4, or 8). Consecutive data bits are written to and read 
from adjacent MBM devices cyclically; therefore each 
data record is distributed across all the MBMs. Single 
and multiple MBM systems are shown in Figures 3a 
and 3b. 

The controller can be interfaced to several banks of 
MBMs, each containing multiple MBMs (not necessarily 
the same number). This is accomplished by using the 
chip select inputs on the support devices to enable one 
bank at a time using an externally latched and decoded 
address. The controller operates the various banks in- 
dependently, and it must be reinitialized whenever the 
active bank is changed. A multiple-bank system is 
shown in Figure 3c. 

A multiple-MBM bank requires additional compo- 
nents as follows: 

1) an eight-bit serial-to-parallel shift register which re- 
ceives data from DOUT clocked by SRCLK, and from 
which data is tran sferred in parallel to the operation 
drivers by SYNC. Banks of two or four MBMs use 
the positions corresponding to the first bits shifted 
in. 

2) a parallel-to-serial shift register which re ceives data 
from the sense amplifiers enabled by SYNC and 
shifts the data to DIN clocked by SRCLK. The bit 
length need be only as great as the number of MBMs. 
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The controller accepts only the first two or four bits 
shifted in for corresponding bank sizes. 

3) an external redundancy-map memory and address 
counter (not required for two MBM2256s) to aug- 
ment the controller's internal map memory. This 
memory subsystem is connected as shown in Figure 
4. It uses the following controller signals which are 
described under PIN DESCRIPTIONS: CLRMAP, 
CLKMAP, WRMAP, and MAPDATA. The memory is 
configured as one bit wide, and is written and read 
serially. Map memory timing is shown in Figure 9. 

In some applications, the user may wish to have the 
redundancy map data permanently stored in a PROM. 
This may be done using the configuration described in 
3). In this case, the controller's internal map memory 
is not used. 

CONTROLLER OPERATION 

A block diagram of the main functional components 
of the controller is given in Figure 5. 

User Interface 

The user interface is directly compatible with many 
8-bit microprocessors. The data bus provides user com- 
munication with any of the eight internal registers as 
selected by the address input. The INT signal can be 
used to interrupt the processor to request data o r to 
indicate command termination. The DRQ and DACK sig- 
nals can interface to a separate Direct-Memory-Access 
controller. These functions are described in detail under 
PROGRAMMING INFORMATION. 

Data Path 

The DATA BUFFER provides sixteen bytes of dynamic 
buffering between the user and the bubble memory 
subsystem. Bytes are transferred in parallel between 
the buffer and the SHIFTER which performs the serial- 
to-parallel conversion on data read from the MBM(s) 
through DIN or the parallel-to-serial conversion on data 
to be written to the MBM(s) over DOUT. 

When writing, the OUTPUT MAPPER inserts zeros 
into the data stream at positions corresponding to the 
unused loops. The INPUT MAPPER deletes the corre- 
sponding bits from the input stream when reading. The 
redundant loop map is accessed from the MAP MEM- 
ORY during these operations and provided to the map- 
pers. The ERROR CORRECTION circuit generates check 
bits and inserts them into the data stream when writing, 
and checks these bits when reading. It is capable of 
correcting any single burst of errors up to three bits 
long via the READ CORRECTED command. 

The redundancy-map data is usually stored in one of 
the two separate map loops in the MBM. The controller 
reads this data during initialization, and stores it in the 
MAP MEMORY from which it is retrieved during data 
read and write operations. The controller has on-chip 



map memory sufficient to store the map for one 
MBM201 1 or two MBM2256s. For multiple-MBM banks, 
additional external memory is required; the controller 
provides all the control signals necessary to operate 
this external memory. 

Alternatively, the map data can be permanently 
stored in an external PROM or a completely external 
RAM may be used. In either case, the entire map is read 
from the external memory, and the internal map mem- 
ory is not used. 

The map loop also contains a synchronization pattern 
which is used to locate sector/page zero during initial- 
ization. The map loop is normally loaded at the factory 
and need only be read to initialize the controller. How- 
ever, commands are provided to read and write the map 
loops for diagnostic purposes or to change the map 
loop contents. Since the map loop write uses a transfer- 
in rather than a swap function, the MBM must be erased 
using the Z-coil or an external magnetic field prior to 
a map write. The map transfer-in pulse is generated on 
the SWAP pin. A switch is required as shown in Figure 
6 to properly route the current pulse to the MBM. This 
switch also protects against accidental destruction of 
the map data by an unintentional map write. 

Redundant loop data are stored in alternate bit po- 
sitions in one Of the map loops in the MBM. The inter- 
vening bit positions and the other map loop must con- 
tain all zeros (no bubbles). All map operations access 
only alternate map bits so the intervening zeros are not 
seen by the controller. (Initialization may start in the 
wrong phase and read only the intervening zeros. In 
this case, it automatically shifts one position and re- 
reads.) Data from the two map loops are merged when 
reading so that loop selection is not required. The 
WRITE MAP command allows specification of the de- 
sired loop. 

The format of the map loop data is shown in Table 3. 

Bubble Memory Data and Timing 

All the necessary MBM coil drive and function-gate 
timing signals are generated by the controller. The coil 
drive timing signals are sequenced on and off so as to 
start and stop the drive field in the proper phase. Data 
to and from the MBM(s) are transferred bit-serial. The 
signals STROBE, SYNC, and SRCLK are provided to 
clock this data. Control timing is given in Figure 10 and 
Table 4. 

Oscillator 

An on-chip oscillator provides the internal time base 
to operate the controller when connected to an external 
crystal as shown in Figure 7. Alternatively, XIN can be 
driven from an external oscillator and XOUT not used. 
The crystal or external oscillator frequency is 64 times 
the coil drive frequency. 

Reset and Po wer-Down 

The RESET pin provides internal preconditioning of 
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the controller logic on power-up or other system reset 
conditions and also acts as a power-down interrupt 
which provides an orderly termination of any operation 
in progre ss with no loss of data in the MBMs. 

RESET initializes the registers as follows (hexadeci- 
mal values): 



IPC: 

CMDR: 

MSR: 

SAR: 

RCR: 

SFR: 

STR: 



0000 
FF 
01 

0000 
00 
00 
C1 
01 



(TERMINATE) 



(whil e RESET is active) 
(after RESET is removed) 




The system must be initialized after a reset to syn- 
chronize the MBM(s) with the controller. The user 
should load the SFR according to the system configu- 
ration, and then execute an INITIALIZE command. 

When RESET is brought low, the controller ensures 
that all control pulse and coil drive signals are properly 
sequenced to the off condition so that no data is de- 
stroyed in the MB Ms. Th is will occur within three mag- 
netic cycles after RESET goes low. Data being written 
will usually not have been swapped in, and will have 
to be rew ritten when the system is restarted. Note that 
if RESET is generated due to detection of low DC volt- 
age, the power supply voltages may already be out of 
their specified operating ranges, and proper MBM op- 
eration may not be guaranteed. The user should provide 
input power detection or other means of sustaining DC 
voltages to minimize the chance of data loss. 

Error Detection and Correction 

In order to ensure the integrity of the data stored in 
the bubble memory system, the controller employs er- 
ror detection and correction circuitry which operates 
automatically, and is in general transparent to the user. 

During a normal WRITE DATA operation, the con- 
troller calculates and appends a 12-bit error correction 
code (ECC) field onto each block of 512 bits (64 bytes) 
written. Extra minor loops are provided in the MBMs 
for this field. The ECC used is a Fire Code which permits 
the identification and correction of any single burst of 
errors up to three bits long. 

During a READ DATA operation, the controller recal- 
culates the ECC field to verify the data. If an error is 
detected, the controller stops (provided the Stop on 
Error bit is set) and indicates the error in the status 
register. It also saves the ECC syndrome and data block 
address to enable re-reading (and error correction) of 
the erroneous block. 

Two types of errors can occur: 

1) Soft errors — due to transient phenomena in the 
detection and sense circuitry. The data in the mem- 
ory is good and can usually be re-read correctly. 

2) Hard errors — due to incorrect data in the MBM(s). 
The READ CORRECTED command rereads the er- 



roneous block and sends corrected data to the user 
in most cases. The data should then be re-written to 
the MBM(s) to correct the memory contents. 

Soft and uncorrectable errors are detected and indi- 
cated only by the READ CORRECTED command. If an 
error is detected during a READ DATA command with 
Stop on Error set, the controller saves the calculated 
ECC syndrome. The READ CORRECTED command uses 
two separate ECC circuits: one attempts to do error 
correction using the error syndrome, the other recal- 
culates the syndrome on the raw data received from the 
MBM(s). This recalculated syndrome is compared to the 
saved syndrome from the READ DATA. If they are not 
equal, the Soft Error bit is set indicating that the data 
reread was nor fne same as the originally-read data. If 
the error-correction circuit does not find a correctable 
error, the Uncorrectable Error bit is set. 

If a soft error occurs, the error-correction circuit can- 
not function properly. However it may have been 
"fooled" and changed some data. Therefore the data 
received during READ CORRECTED with a soft error 
indication should be ignored, and the data reread with 
the READ DATA command. 

Hard errors are rare, and the block structure of the 
MBM, and interleaved operation of multiple MBMs 
causes most hard errors to be correctable, i.e. a hard 
failure in a single minor loop affects only one bit in any 
ECC block (except for a single MBM2256 system). 

The controller also calculates and inserts an ECC field 
during a WRITE MAP operation. This field is checked 
during the INITIALIZE (L = 1) and READ MAP (C = 1) op- 
erations; however error correction is not performed for 
the map data. 

The ECC details and capabilities are summarized in 
Table 5. 

PROGRAMMING INFORMATION 

Nine basic commands with 24 options provide total 
control of the bubble memory subsystem. The user 
stores a command into the command register, transfers 
data bytes as required, then checks the controller status 
to verify proper completion of the operation. 

Registers 

Eight registers are directly accessible by the user via 
the data bus. The desired register is selected by the 
three-bit address on A2-A0 when CS is true (low). 
(DATA can also be selected by DACK.) All are read-write 
except the STR which is read only. 

While a command is executing (READY = 0), writing 
is inhibited except to DATA and to CMDR bits 1&0; 
therefore only a Terminate (Immediate) command can 
be accepted (CMDR bits 7-2 will not be altered). The 
registers are summarized in Table 6. 

Symbol 

(Address) Name and Use 



CMDR 
(000) 



— Command Register — loaded by the 
user with the command to be exe- 
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cuted by the controller (see 

Commands). 

MSR — Multiple Sector Register — loaded by 

(001 ) the user with the number (0 indicates 

256) of sectors/pages to be read or 

written by the subsequent multiple 

sector READ DATA or WRITE DATA 

command (not used for single sector 

commands). 

SARL — Sector Address Register, two bytes, 

(010) L = Low-order 8 bits, H = high-order 
SARH bits — loaded by the user with the 

(01 1 ) address of the (first) sector/page to be 
read or written by the subsequent 
(multiple sector) command. 

RCR — Residual Control Register — selects 

(100) various options which apply to sub- 

sequent commands. Individual bits 
provide specific options as follows: 

Bit Function 

7 Not used, always zero. 

6 Read Buffer Enable — used primarily 
for diagnostic functions. This bit must 
be set to 1 if it is desired to read from 
the data buffer when no command is 
in progress. Otherwise, the buffer may 
be written into, but not read from. For 
proper operation, it must be reloaded 
with a before initiating a subsequent 
command. 

0: Buffer is write-only between 
commands. 

1: Buffer is read-only between 
commands. 

5 Stop on Error — causes the controller 
to terminate any READ DATA com- 
mand at the end of any ECC block in 
which a data error was detected. The 
ECC logic, SAR, and MSR are left in the 
proper state for execution of a READ 
CORRECTED command. 

4 Half Buffer — causes DRQ to be set 
only when the buffer is at least half 
full* (READ) or half empty (WRITE). 
When Half Buffer is set to 1, data may 
be transferred in 8-byte bursts in re- 
sponse to DRQ. The setting of DRQ 
according to Half Buffer and the num- 
ber of bytes in the buffer is as follows: 
HB READ WRITE 

0: s= 1 byte « 15 bytes 
1:^8 bytes* < 8 bytes 
*or at end of command if buffer 
is not empty. 
3 Enable READY Interrupt — causes INT 



SFR 
(101) 



Bit 

7-3 

2 



to be activated at the termination of 
any command. INT is cleared by read- 
ing STR or writing CMDR. May be set 
concurrently with bit 2. 
Enable DRQ Interrupt — causes INT to 
be activated whenever DRQ is true. 
May be set concurrently with bit 3. 
Page Addressing Mode — (see Sector/ 
Page Addressing)- 

0: Sector Addressing Mode (default). 
1: Page Addressing Mode. 
Write Protect — prevents any WRITE 
command from being executed. A write 
protect error will be indicated if any 
WRITE (Map or Data) is attempted with 
Write Protect = 1. 
— System Features Register — defines 
the system configuration. Functions 
of the individual bits are as follows: 
Function 



Not used, always zero. 
External Map — indicates that all map 
data is to be stored or is pre-stored in 
the external map memory (RAM or 
PROM). The controller does not use its 
internal map storage. 
1, Bank Size — specifies the number of 
MBMs in the active bank as follows: 
00: 1 MBM, 01: 2 MBMs, 
10: 4 MBMs, 11: 8 MBMs 
STR — Status Register (Read Only) — indi- 

(110) cates the status of the command in 

progress or last ended — cleared 
when CMDR is loaded (exce pt TER - 
MINATE when busy) or by RESET. 
Certain bits pertain only to specific 
commands or are defined differently 
for different commands. The mean- 
ings of the bits are as follows: 



Bit 
7 



Command 
RDC 



WRD,WRM 



Meaning 
Soft Error — the recom- 
puted ECC syndrome did 
not match the previous 
syndrome (see Error 
Correction/Detection). 
Write Protect bit is set 
— command not 
executed. 




7&6 
5 



RDD,WRD 



RDM(C=1) 



RESET pin is active (low). 

Sector/page Address Out 
of Range forthe number 
of MBMs specified. 

Map compare error — 
the data read from the 
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INIT 



RDC 

all READS 



all READS 
and WRITES 



DATA 
(111) 



MBM(s) did not match 
that in the map memory. 
Initialization error — 
synchronization pattern 
could not be found. 
Non-correctable error. 
Data Error detected 
(ECC). For RDC com- 
mand, indicates that er- 
ror is in a different block 
than previous error. 
Data Buffer overrun — 
the user did not read/ 
write the data buffer fast 
enough to keep up with 
the MBM data transfer 
rate, or the user at- 
tempted to read/write the 
buffer when DRQ = 0. 

all RD & WR Data transfer request 

(DRQ). 
all Ready — previous com- 

mand has terminated 
and controller is ready 
to receive a new 
command. 
Data buffer — a 16-byte first-in-first- 
out (FIFO) buffer used for all data 
transfers. 




Sector/Page Addressing 

A page of data corresponds to asirigle physical read 
or write of the MBM(s) — therefore, the page length is 
determined by the MBM type (256K or megabit) and the 
number of MBMs specified in the SFR. The number of 
pages in a bank is independent of the number of MBMs, 
and is determined only by the MBM type. 
Note: A minimum block size of 64 bytes is required for 
the ECC. Therefore, a single 256K-bit bank utilizes 
two physical pages per logical page. 

A sector is a fixed-length record independent of the 
number of MBMs specified in the SFR and is equal to 
the maximum-length page for the MBM type. Therefore, 
the number of sectors in a bank is proportional to the 
number of MBMs. 

Sector addressing is selected by default. Page ad- 
dressing may be selected by setting the Page Mode 
bit = 1 in the RCR. Sector and page addressing are equiv- 
alent for a maximum bank of 8 MBMs. 

Regardless of the mode or number of MBMs, error 
detection/correction is performed on blocks of 512 bits 
(64 bytes). In general, there are multiple ECC blocks 
within a sector/page. 

Table 7 shows the sector and page sizes and counts 
for all configurations. 



Logical Addressing 

Propagation of the bubbles along the input or output 
track causes the data loops to be shifted an equal dis- 
tance. Thus, following a replicate and clearing of the 
output track, the physically adjacent page has propa- 
gated well past the replicate gates; a similar affect oc- 
curs during consecutive writes. In order to provide min- 
imum access time when reading or writing consecutive 
pages/sectors, the controller uses a logical addressing 
scheme such that consecutive logical pages are spaced 
several physical locations apart to account for the la- 
tency described above. This spacing is given in Table 8. 

The controller maintains the current logical page/ 
sector address in the Logical Page Counter (LPC), a non- 
accessible register which is incremented by the appro- 
priate value during each active MBM cycle. The LPC is 
compared to the SAR to locate the desired page/sector 
for READ & WRITE commands. To synchronize the LPC 
with the MBM contents, th e INITIA LIZE or CLEAR LPC 
command should be used. RESET also clears the LPC 
to zero regardless of MBM position. 

The timing of the WRITE DATA command is such that 
consecutive commands to consecutive logical ad- 
dresses (without reloading the SAR) will be accom- 
plished with minimum latency. During a multiple-page/ 
.sector READ DATA command, replicates are performed 
"on the fly" as each logical page reaches the replicate 
position; however the extra propagation distance be- 
tween the replicate gates and the detector means that 
at the termination of a READ DATA command, the next 
logical address has passed the replicate position. The 
POSITION READ command will give minimum access 
time when consecutive logical pages/sectors are to be 
read with single-page/sector commands. 

Commands 

The user initiates operation of the controller by writ- 
ing a command byte into the command register (CMDR). 
The various commands are described below and sum- 
marized in Table 6. For each command, the value to be 
loaded into the CMDR is given in binary with certain 
option bits which affect its operation. Use of the SAR 
and MSR is described where applicable. These regis- 
ters, when used, as well as the SFR and RCR, must be 
loaded prior to loading the CMDR. 

Data Transfer 

All data transfers are made to/from the data buffer 
which is accessed as register 7. During a read or write 
command execution, when the controller determines 
that a data transfer is required, it does the following: 

1) sets the DRQ bit in the status register. 

2) raises the DRQ pin to the active (high) state. 

3) if RCR bit 2 (Enable DRQ Interrupt) is set, raises 
the INT pin to the active (high) state. 

Any of these conditions may be recognized by ap- 
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propriate software or hardware as indicating that data 
transfer is required. The user then transfers one or more 
bytes to or from the buffer using WR or RD and either 
of the following: 
1) addressing Register 7 (CS=0, A2,A1,A0 = 111). 



2) activating DACK 



(CS = 1, DACK = 0, A2-A0 
ignored). 

The DRQ and DACK signals may be used with a sep- 
arate direct memory access (DMA) controller. DRQ and 
INT (if used) remain active as long as data transfer is 
required. 

If the RCR Half Buffer bit is set to 1, then eight bytes 
can always be transferred in a burst when a DRQ occurs. 
Notes: 

The WRITE DATA (S = 0) AND WRITE MAP commands 
do not begin execution until the first data byte has 
been written into the data buffer. When using pro- 
grammed data transfer, the user should always load 
the first 16 data bytes in a burst as fast as possible 
so as to provide adequate buffering for the operation. 
(It is not necessary to check DRQ since the buffer is 
known to be empty at the start of the command.) 

Due to the asynchronous operation of the data buffer, 
the controller always attempts to keep it full during 
a write operation. As a result, it may request up to 16 
additional bytes at the end of a write depending on 
the user system response time. Response to these 
extra DRQs is optional: extra bytes transferred will 
not be written to the MBM(s); ignoring the DRQ will 
not cause an error. 

Termination and Status 

When the command execution is finished, the 
controller: 

1) sets the Ready bit and any other bits which are 
appropriate in the status register. 

2) if RCR bit 3 (Enable Ready Interrupt) is set, raises 
the INT pin to the active (high) state. 

The user should read the status register to verify 
proper completion of the previous command and take 
any corrective action indicated. Ready indicates that the 
controller is able to accept a new command. 

INT, if used, is cleared by reading the status register 
or loading the command register. 

Command Descriptions 

INITIALIZE (INIT) CMDR= 1111 L100 

Read the map loop until the synchronization pattern 
(64 ZEROs followed by a ONE is detected, then set the 
logical page counter (LPC) to zero. Then if L=1, load 
the redundancy map memory with the map data. 

If the synchronization pattern is not found after one 
complete cycle of the map loop, the map loop is shifted 



one position and a second attempt is made reading the 
interleaved bits. 

INITIALIZE should be executed after any of the 
following: 

1) Power off-on. 

2) Reset. 

3) Bank switching or MBM change. 

Page synchronization is then maintained until any of 
the above conditions occurs. The Load Map Memory 
(L = 1) option should be used unless it is not desired to 
use the redundant-loop map or the map has been pre- 
stored in an external PROM. 

Register usage: None. 

Errors detected: 

Initialization error — the synchronization pattern 
could not be found on either pass. 

Data error — an ECC error was detected when read- 
ing the map data. 

CLEAR LPC (CLPC) CMDR = 0010 0000 

Clear the Logical Page Counter (LPC) to zero without 
accessing the MBM(s) or loading the map memory. Per- 
mits the user to synchronize the controller to sector' 
page zero without using the map loop(s), e.g. by rec- 
ognizing a page with a unique data pattern. 

Useful in systems where the map data are stored in 
an external PROM and the bulk erase capability of the 
MBM is utilized, since bulk erase will destroy the syn- 
chronization pattern along with the data. 

POSITION (POS) CMDR= 0W10 1000 

Position the MBM data for minimum access time for 
a subsequent READ DATA (W = 0) or WRITE DATA 
(W=1) command. RDD and WRD will automatically po- 
sition the MBM(s) if required; POS minimizes the la- 
tency at the time the RDD or WRD is executed. 
Register Usage: 
Start: SAR: Address of sector/page to be 

read or written by a subsequent 
command. 

End: SAR: Unchanged. The SAR should 

not be reloaded prior to issuing 
the RDD or WRD command, 
even with the same address, or 
the effect of POS will be lost 
and the RDD or WRD access 
time will be excessive. 

WRITE DATA (WRD) CMDR= 010M US00 

Write one or more sectors/pages of data. Positioning 
is performed if the MBM(s) have not been pre-positioned. 
M = 0: Write one sector/page. 

M = 1: Number of sectors/pages is specified 

in MSR. 
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U = S = 0: Normal Write — user sends only data 
bits; zeros are inserted for redundant 
loops, and ECC bits are generated and 
appended. 

U = 1,S = 0: Unmasked Write — user sends data 
for all loops including redundant and 
ECC bits. 

U = 0,S = 1: Suppress Transfer — the 16 bytes cur- 
rently in the buffer are written re- 
peatedly, with redundant loop and 
ECC bits inserted as in a normal write; 
the user does not send data. 

U = S = 1: NOT ALLOWED. 



Register Usage: 
Start: SAR: 



Register Usage: 
Start: SAR: 

MSR: 



End: Norm: SAR: 

MSR: 

Error: SAR: 

MSR: 




Address of (first) sector/page 

to be written. 

M = 0: Not used. 

M = 1: Number of sectors/ 

pages to be written. 

Address of last sector/page 
written + 1. 
M = 0: Unchanged. 
M = 1: MSR=1. 
Address of the sector/page 
having the error. 
M = 0: Unchanged. 
M = 1: Number of sectors/ 
pages still to be written in- 
cluding the one with the error. 



Errors detected: 

Write protect — write protect bit is set; WRD is not 
executed. 

Out of Range — if the initial address is out of range, 
the command is not executed; if a command at- 
tempts to write past the end of the installed mem- 
ory, the command terminates after the last allow- 
able sector/page. 

Overrun — the command is terminated immediately. 



READ DATA (RDD) CMDR = 000M US00 

Read one or more sectors/pages of data. Positioning 
is performed if the MBM(s) have not been pre-positioned. 
M = 0: Read one sector/page. 

M = 1 : Number of sectors/pages is specified 

in MSR. 

U = S = 0: Normal Read — redundant loops and 
ECC are masked and remaining bits 
are sent to the user; ECC is checked 
and errors reported. 

U = 1,S = 0: Unmasked Read — all bits are sent to 
the user; ECC is not checked. 

U = 0,S = 1: Suppress Transfer — data are not sent 
to the user; ECC is checked and errors 
reported. 

U = S = 1: NOT ALLOWED ( = RDC command). 



End: Norm: SAR 



MSR: 



Error: SAR 



MSR: 



Address of (first) sector/page 

to be read. 
MSR: M = 0: Not used. 

M = 1: Number of sectors/ 
pages to be read. 

Address of last sector/page 

read + 1. 

M = 0: Unchanged. 

M.= 1: MSR = 1. 

Address of sector/page having 

the error. 

M = 0: Unchanged. 
M = 1: Number of sectors/ 
pages still to be read includ- 
ing the one with the error. 

Errors detected: 

Out of Range — if the initial address is out of range, 
the command is not executed; if a command 
attempts to read past the end of the installed 
memory, the command terminates after the last 
allowable sector/page. 

Data Error (ECC) — if Stop on Error is set, data 
transmission to the user stops immediately fol- 
lowing the 64-byte ECC block in which the error 
is detected. 

Overrun — the command is terminated immediately. 



READ CORRECTED (RDC) CMDR = 0000 1 100 

Reread the page in which an error was detected and 
apply error correction to the erroneous block. Only valid 
immediately following a READ DATA command with a 
Data Error indication and with the Stop On Error bit set 
in the RCR. 

Corrected data are sent to the user starting at the 
beginning of the 64-byte ECC block in which the error 
was detected and continuing to the end of that sector 
or page; i.e. the last 64 bytes sent by the RDD are re- 
peated with error correction, and the sector or page is 
completed. A soft or uncorrectable error in the first block 
or a data error in a subsequent block will be indicated 
if detected, but the sector/page will be completed re- 
gardless of errors or the Stop On Error bit. See Error 
Detection and Correction. 

Register Usage: 

Start: No registers may be loaded be- 

tween the end of READ DATA 
and the issuing of READ 
CORRECTED. 

End: Norm: SAR: Address of next sector/ 
page. 
MSR: Remaining sector/page 
count. 

Error: SAR & MSR: Unchanged. 
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Errors detected: 

Soft error — the recalculated ECC syndrome did not 

match the saved syndrome. 
Uncorrectable error — the error was not correctable. 
Data error — an error was detected in another ECC 

block. 
Overrun — the command is terminated immediately. 
TERMINATE (TERM) CMDR= XXXX XX1I 

Terminate the current operation at the end of the cur- 
rent page = 0) or terminate immediately (1 = 1). TER- 
MINATE permits aborting of any command in progress 
at any time. 

If the controller is not busy, TERMINATE is treated as 
a no-op, except for resetting the buffer pointers. 
Register Usage: Buffer (FIFO) pointers are reset. 
Errors detected: Depends upon the command being 
executed. 

READ MAP (RDM) CMDR= 1000 C000 

Read the map loop data and send to the user. The 
order of the data read is as shown in Table 3 grouped 
into 8-bit bytes with the first bit being the most-signif- 
icant bit in the byte. In a multiple-MBM system, bits 
from the MBMs are interleaved. 

C = 0: The entire map loop contents (64 or 128 bytes) 
are sent to the user. Error detection is not 
performed. 

C = 1: Check Data — only the M-field and ECC-field 
are sent to the user; ECC checking is per- 
formed, and the map data (M-field) are com- 



pared to the contents of the map memory. 
Errors are reported. 
Register usage: none. 
Errors detected: 
Map compare error (C = 1 only) — the data read from 

the map loop did not match that stored in the map 

memory. 
Data error (C = 1 only) — an ECC error was detected 

(map error correction is not performed by the 

controller). 
Overrun — the command is terminated immediately. 

WRITE MAP (WRM) CMDR= 1100 N000 

Write map loop 1 (N = 0) or 2 (N = 1) with user-sup- 
plied data. The user must supply the entire map loop 
contents (64 or 128 bytes per MBM) including the sync 
pattern as described under READ MAP. However, the 
ECC-field bits are ignored and replaced by ECC bits 
generated by the controller. 
Register usage: None. 
Errors detected: 
Write protect — the write protect bit is set; WRM 

is not executed. 
Overrun — the command is terminated immediately. 
Note: 

WRITE MAP will execute in a multiple-MBM system 
but will not generate correct ECC bits for multiple 
MBMs. It is intended for loading the map in a single 
MBM only. The MBM must first be erased using the 
Z-coil or a suitable external magnetic field. The MBM 
map pins must be connected as shown in Figure 6. 



TABLE 1. BUBBLE MEMORY CAPACITIES 





MBM2256 


MBM2011 


Number of data loops: 


282 


584 


Number of redundant loops: 


20 


60 


Number of loops used for ECC: 


6* 


12 


Number of usable data loops: 


256 


512 


Number of bits per loop: 


1024 


2048 


Number of bits of data storage: 


262,144 


1,048,576 


Number of map loops: 


2 


2 


Number of bits used in map loops: 


512 


1024 



Actually 12 bits in every other physical page. 



TABLE 2. EXTERNAL MEMORY REQUIREMENTS 



MBM 
Type 


Number 
of MBMs 


External Memory Required (bits) 
SFR bit 2 •= 1 


2256 


1 
2 
4 
8 


282 

564 

534 1128 

1662 2256 


2011 


1 
2 
4 
8 


584 

574 1168 

1742 2336 

4078 4672 




Minimum requirement; additional bits are not used. 
Memory must be configured one bit wide. 
Internal Map Memory capacity: 594 bits. 
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TABLE 3. MAP LOOP FORMAT 






Pattern: 


Field 


Number of bits 


Note 


256K 


1M 


MM — MM 


Map Data 


282 


584 


(1) 


"EE — EE 


ECC 


12 


12 


(2) 


UU-UU 


User 


152 


362 


(3) 


00 ---. 001 


Sync 


65 


65 


(4) 


X 


X 


1 


1 


(5) 



(1) Each bit marks the corresponding data loop: 
M = 1: good loop. 

M = 0: redundant loop. 

For correct operation, there should be exactly 262 (256K) or 524 (1M) 1s in this field. 

(2) Error Correction (Fire) Code — applies only over the Map Data field. 

(3) May be used for any purpose such as an identification number. However, it must not contain any sequence of 64 zeros followed by a one. Such a 
pattern will be recognized as a sync pattern and cause incorrect initialization. 

(4) Synchronization pattern — 64 ZEROs followed by a ONE. 

(5) This bit is skipped after synchronization is established before reading the first Map Data bit. 



TABLE 4. NOMINAL CONTROL PULSE TIMING 




Pulse 


256 K 


MEGABIT 


Start 


Width 


Start 


Width 


XA 
shut down 

XB 
start up (XB off) 

YA 

YB 

start up (YB off) 

shut down 


33 
12 
1 
46 
49 
17 
62 
60 


31 

31 

31 
31 


33 
12 
1 
46 
49 
17 
62 
60 


31 

31 

31 
31 


GEN 

SWAP 

MAP TR-IN (SWAP pin) 

CUT 

REP 

RMAP 

STROBE 

SYNC 


17 

53 

53 



1 

1 

34 




2 
63 
39 

3 
20 
20 
12 

4 


17 
53 
53 
63.5 

1 

1 
34 




2 
63 
39 

2 

18 
18 
12 
4 


SRCLK 
CLRMAP 
CLKMAP 
WRMAP 


0,8, . . . 


0,8, . . . 
3,11,... 


4 

46 

4 

4 


0,8, ... 


0,8, . . . 
3,11,... 


4 

46 

4 

4 



1 unit = 1 oscillator cycle. 

= 1/64th magnetic cycle. 

= 5.625 degrees of rotation. 

= 125 ns at 125,000 bits per second. 

= 156.25 ns at 100,000 bits per second. 



REFERENCE: SRCLK zero (0) transition. 
Al l times 1 ± 50 ns except: 

SYNC 



CLRMAP 
CLKMAP 



+ 100 

-- 



ns 





TABLE 5. ERROR CORRECTION CODE SUMMARY 


Type of code: 




Fire Code. 


Generator polynomial: 




(x 5 +1)-(x 7 + x 6 + x 5 + x 4 + x 2 + x+1) 


No. of data bits per ECC block: 




512 (282 or 584 for Map loop) 


No. of check bits per ECC block: 




12 


Total bits per block: 




524 (294 or 596 for Map loop) 


Correctable errors: 




any burst of 1 to 3 bits. 



Redundant loop bits and interleaved zeros in the map field are not included in the ECC operation. 



12-48 



SC42584«SC42585 



TABLE 6. REGISTER AND COMMAND SUMMARY 



Addr 


Reg. 


Reset 





CMDR 


FF 


1 


MSR 


01 


2 


SARL 


00 


3 


SARH 


00 


4 


RCR 


00 


5 


SFR 


00 


6 


STR 


01* 


7 


DATA 


— 



Cmd. 


Byte 


Option bits 


RDD 


OOOM USOO 


M = Multiple 


RDC 


0000 1 100 


U= Unmasked 


WRD 


1 OM USOO 


S= Suppress transfer 


POS 


0W1 1 000 


W= Write position 


RDM 


10 00 cooo 


C= Check data 


WRM 


1100 N000 


N= Loop #2 


INIT 


1111 L 1 00 


L= Load map memory 


CLPC 


10 000 




TERM 


11 


l= Immediate 



C1 while RESET is active. 



Bi 


t SFR 


RCR 


STR (applicable command) 


7 








Soft Error (RDC) 


6 





Read Buffer Enable 


Write Protect (WRD,WRM) 


5 





Stop on Error 


Out of Range (RDD, RDC, WRD) 
Map Compare Error (RDM) 
Initialization Error (INIT) 


4 





Half Buffer 


Non-Correctable Error (RDC) 


3 





Enable READY Interrupt 


Data Error (all RD, INIT) 


2 


External Map 


Enable DRQ Interrupt 


Overrun (all RD WR) 


1 


I Log2 
< # MBMs 


Page Mode 


DRQ (data request) (all RD WR) 





Write Protect 


Ready (all) 



TABLE 7. SECTOR AND PAGE SIZES 





Number 
of 


Sector 


Page 


Length 


Number of 


Length 


Number of 


MBM 


MBMs 


(Bytes) 


Sectors 


(Bytes) 


Pages 


2256 


1 


256 


128 


64* 


512 




2 


256 


256 


64 


1024 




4 


256 


512 


128 


1024 




8 


256 


1024 


256 


1024 


2011 


1 


512 


256 


64 


2048 




2 


512 


512 


128 


2048 




4 


512 


1024 


256 


2048 




8 


512 


2048 


512 


2048 



1 A minimum block size of 64 bytes is required for the ECC. Therefore, a single 256K-bit bank utilizes two physical pages per logical page. 

TABLE 8. PAGE SEPARATION AND LATENCY 





256 K 


MEGABIT 


UNITS 


Physical page length: 


282 


584 


bits 


Inter-page gap: 


15 


17 


bits 


Logical page separation: 


297 


601 


bits 


Page transfer time (incl. gap): 


297 (1) 


601 


cycles 


Read and write latency (2) 








READ DATA (RDD) 








after POSITION READ (3) 


181 


92 


cycles 


after RDD, next logical address 


1024 


2048 


cycles 


random address { min: 


463 


676 


cycles 


{ max: 


1486 


2723 


cycles 


WRITE DATA (WRD) 








after POSITION WRITE (3) 










after WRD, next logical address (3) 










random address { min: 


1 


1 


cycle 


{ max: 


1024 


2048 


cycles 


User peak data transfer rate (4) 








@ 125 kHz: 


N*15,625 




bytes sec 


@ 100 kHz: 




N*12,500 


bytes sec 



(1) 594 cycles for single MBM2256 (2 physical pages). 

(2) Number of MBM magnetic cycles before MBM data transfer begins — 
there is an additional overhead delay in the controller of between three and 
four cycles from the loading of the CMDR (RDD) or first data byte (WRD). 



(3) Provided that the SAR is not reloaded between commands. 

(4) (a Field frequency. N = number of MBMs operating in parallel. 
This is the peak burst rate; average rate is reduced by the ratio 
of the number of bits transferred to the total page transfer time. 
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FIGURE 2 — MAGNETIC BUBBLE MEMORY FUNCTIONAL DIAGRAM 
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FIGURE 3a — SINGLE-MBM SYSTEM 
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FIGURE 3b — MULTIPLE-MBM SYSTEM 
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FIGURE 3c — MULTIPLE-BANK SYSTEM 
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FIGURE 4 — EXTERNAL MAP MEMORY CONNECTION 
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FIGURE 5 — CONTROLLER BLOCK DIAGRAM 
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FIGURE 6 — MAP WRITE SWITCH 
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FIGURE 7 — CRYSTAL OSCILLATOR CIRCUIT 
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FIGURE 8 — USER INTERFACE TIMING 
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FIGURE 9 — DIN, DOUT, AND MAP MEMORY TIMING 
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MECHANICAL DATA 



The packaging availability for each device is indicated on the individual data sheets. Dimensions for the packages 
are given in this section. 



16-PIN PACKAGES 



nnnnnnnn 



CERAMIC PACKAGE 
CASE 620-08 



WWOTOT 





— -TgL— — -Jf 



SEATING 
PLANE 



MOTES: 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. PACKAGE INDEX-. NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT. 

3. DIM "L"T0 CENTER OF LEADS WHEN 
FORMED PARALLEL. 



DIM "A" AND "B" DO NOT INCLUDE 
GLASS RUNOUT. 

DIM"F" MAY NARROW TO 0.76 mm ,. 
(0.030) WHERE THE LEAD ENTERS 
THE CERAMIC BODY. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


19.05 


19.94 


0.750 


0.785 


B 


6.10 


7.49 


0.240 


0.295 


C 


- 


5.08 


- 


0.200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.40 


1.78 


0.055 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


1.14 


0.020 


0.045 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.32 


0.125 


0.170 


L 


7.62 BSC 


0.300 BSC 


M 


- 


15" 


- 


15" 


N 


. 0.51 


1.02 


0.020 


0.040 



CASE 62008 



CERAMIC PACKAGE 
CASE 690-13 




• 


r 




> 


9 


t 

B 


1 


^ 





J 


8 


t 


- — 




— A — 




— - 






r 




|— J -JmV 



NOTES: 

1. -A- AND -B- AREDATUMS. 

2. -T- IS SEATING PLANE 

3. POSITIONAL TOLERANCE FOR LEAD S (D). 
| 41 g 0.25 (0.010)^)1 T|A©lB ©J 

4. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

5. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


20.07 


20.57 


0.790 


0.810 


B 


7.11 


7.74 


0.280 


0.305 


C 


2.67 


4.19 


0.105 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.52 


0.030 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


5.08 


0.125 


0.200 


L 


7.62 BSC 


0.300 BSC 


M 


- 


10o 


- 


10° 


N 


0.38 


1.52 


0.015 


0.060 



CASE 690- 13 
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MECHANICAL DATA (Continued) 
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16-PIN PACKAGES (Continued) 



PLASTIC PACKAGE 
CASE 648-05 




OPTIONAL LEAD 
CONFIG. (1,8,9,& 16) 

NOTE 5 



„L ^g^-jl dS Ln G kJ -"->. mJU 



NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 



DIMENSION "B" DOES NOT 

INCLUDE MOLD FLASH. 

"F" DIMENSION IS FOR FULL 

LEADS. "HALF" LEADS ARE 

OPTIONAL AT LEAD POSITIONS 

1,8, 9, and 16). 

ROUNDED CORNERS OPTIONAL 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


18.80 


21.34 


0.740 


0.840 


B 


6.10 


6.60 


0.240 


0.260 


C 


4.06 


5.08 


0.160 


0.200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.02 


1.78 


0.040 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


0.38 


2.41 


0.015 


0.095 


J 


0.20 


0.38 j 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


7.62 BSC 


0.300 BSC 


M 


0° 


10o 


0° 


10° 


N 


0.51 


1.02 


0.020 


0.040 



CASE 648-05 



CERAMIC PACKAGE 
CASE 650-02 




NOTES: 

1. LEAD NO. 1 IDENTIFIED BY TAB 
ON LEAD OR DOT ON COVER. 

2 LEADS WITHIN C.13 mm (0.005) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


9.40 


10.16 


0.370 


0.400 


B 


6.22 


6.60 


0.245 


0.260 


C 


1.52 


2.03 


0.060 


0.080 


D 


0.38 


0.48 


0.015 


0.019 


F 


0.08 


0.15 


0.003 


0.006 


G 


1.27 BSC 


0.050 BSC 


H 


0.64 


^ 0.89 


0.025 


0.035 


K 


6.35 


9.40 


0.250 


0.370 


L 


18.92 


- 


0.745 


- 


N 
R 


- 


0.51 


- 


0.020 


- 


0.38 


- 


0.015 




CASE 650-02 
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MECHANICAL DATA (Continued) 



18-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 680-06 



18 


'.. ■, 
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10 


) 


) 








1 
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1 




J 


9 




' 
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n 



L J 



m 



^^ 



i 



— l * 



SEATING PLANE 



Jm^ 



NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) RAD OF 
TRUE POSITION AT SEATING PLANE AT 
MAXIMUM MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


22.48 


23.24 


0.885 


0.915 


B 


7.16 


7.75 


0.282 


0.305 


C 


3.18 


4.27 


0.125 


0.168 


D 


0.38 


0.58 


0.015 


0.023 


F 


0.76 


1.52 


0.030 


0.060 


6 


2.54 BSC 


0.100 BSC 


H 


1.02 


1.52 


0.040 


0.060 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.68 


4.44 


0.105 


0.175 


L 


7.37 


7.87 


0.290 


0.310 


M 


- 


10° 


- 


10° 


N 


0.38 


1.40 


0.015 


0.055 



CASE 680-06 



PLASTIC PACKAGE 
CASE 707-02 
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NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 



2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


22.22 


23.24 


0.875 


0.915 


B 


6.10 


6.60 


0.240 


0.260 


C 


3.56 


4.57 


0.140 


0.180 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.27 


1.78 


0.050 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


1.02 


1.52 


0.040 


0.060 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.92 


3.43 


0.115 


0.135 


L 


7.62 BSC 


0.30C 


BSC 


M 


00 


150 


0° 


150 


N 


0.51 


1.02 


0.020 


0.040 



CASE 707-02 
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MECHANICAL DATA (Continued) 



18-PIN PACKAGES (Continued) 



CERAMIC PACKAGE 
CASE 747-01 



1 ; — t. 


! 18 
9 10 


=^ 












' 


♦ 














1 TT1 






_i L 








U 












- — EH— 


— K-— 








h. 



r F 



tt; 



r 



"EI3 



NOTES: 

1. -A-,-B-,AND -T-AREDATUMS. 

2. -T- IS SEATING PLANE. 

3. LEADS POSITIONAL TOLERANCE. 
[■$■10.13 (0.005) (R)lTlA (m)1b"@ 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


_ 


11.43 


_ 


0.450 


B 


9.14 


9.91 


0.360 


0.390 


C 


1.52 


2.03 


0.060 


0.080 


D 


0.41 


0.46 


0.016 


0.018 


F 


- 


0.25 


- 


0.010 


G 


1.27 BSC 


0.050 BSC 


J 


0.10 


0.15 


0.004 


0.006 


K 


- 


7.75 


- 


0.305 


N 


- 


0.89 


- 


0.035 



CASE 747-01 
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MECHANICAL DATA (Continued) 



20-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 729-02 



20 


t 




> 


11 


I 


) 










I 
B 

I 


1O 


\ 




_j 


10 


} 






— A — 










u 



7i 



D 



SEATING PLANE" 



Nm' 



d L 



NOTE: 

1. LEADS WITHIN 0.25 mm (0.010) 
DIA. OF TRUE POSITION AT 
SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION LTO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


24.64 


25.91 


0.970 


1.020 


B 


7.06 


8.13 


0.278 


0.320 


C 


2.79 


4.70 


0.110 


0.185 


D 


0.38 


0.51 


0.015 


0.020 


F 


1.14 


1.40 


0.045 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.89 


1.52 


0.035 


0.060 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.57 


0.125 


0.180 


L 


7.62 BSC 


0.300 BSC 


M 


0° 


10° 


0° 


10° 


N 


0.51 


1.52 


0.020 


0.060 



CASE 729-02 



PLASTIC PACKAGE 
CASE 738-02 



t\(\r,?\( \{\f\{\{\f\ 



o 




53 




-JU- 



NOTES: 

1. DIMGS3 IS DATUM. 

2. POSITIONAL TOL FOR LEADS; 

\j-\0 0.25(0.010)©1t|A@1 

3. PH IS SEATING PLANE. 

4. DIM "B" D OES NOT INCLUDE MOLD FLASH. 

5. DIM GE] TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


25.65 


27.18 


1.010 


1.070 


B 


6.10 


6.60 


0.240 


0.260 


C 


3.94 


4.57 


0.155 


0.180 


D 


0.38 


0.56 


0.015 


0.022 


F 


1.27 


1.78 


0.050 


0.070 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.79 


3.56 


0.110 


0.140 


L 


7.62 BSC 


0.300 BSC 


M 


0° 


15° 


0° 


15" 


N 


0.51 


1.02 


0.020 


0.040 



CASE 738-02 
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MECHANICAL DATA (Continued) 



20-PIN PACKAGES (Continued) 



LEADLESS CHIP CARRIER 
CASE 752B-01 




-4N 
—I C 



NOTES: 

1. DIMENSIONS A AND L ARE DATUMS. 
2-Ffl IS GAUGE PLANE. 

3. POSITIONAL TOLERANCE 

FOR TERMINALS (D): 18 PLACES 
|-»l0.25 (0.010) ©]TlA©]T®) 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 




CERAMIC PACKAGE 
CASE 732-03 



AAA -- 


/\A 




r : 

1 


11 

10 


i, 


A 


„. 


B- 





I I I 

SEATING 



Hh-iiJUD PUANE H G ^ 



NOTES: 

1. LEADS WITHIN 0.25 mm (0.010) 
DIA.TRUE POSITION AT 
SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM LTO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIM A AND B INCLUDES 
MENISCUS. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


8.77 


9.27 


0.345 


0.365 


B 


8.13 


8.50 


0.320 


0.335 


C 


1.25 


1.54 


0.049 


0.061 


D 


0.39 


0.63 


0.015 


0.025 


F 


2.42 


2.66 


0.095 


0.105 


G 


1.27 BSC 


0.050 BSC 


H 


1.02 


1.27 


0.040 


0.050 


L 


7.12 


7.49 


0.280 


0.295 


N 


1.02 


1.27 


0.040 


0.050 


R 


6.48 


6.98 


0.255 


0.275 



CASE 752B-01 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


23.88 


25.15 


0.940 


0.990 


B 


6.60 


7.49 


0.260 


0.295 


C 


3.81 


5.08 


0.150 


0.200 


D 


0.38 


0.56 


0.015 


0.022 


F 


1.40 


1.65 


0.055 


0.065 


G 


2.54 BSC 


0.100 BSC 


H 


0.51 


1.27 


0.020 


0.050 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


7.62 BSC 


0.300 BSC 


M 


00 


15° 


0o 


15° 


N 


0.25 


1.02 


0.010 


0.040 




CASE 732-03 
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MECHANICAL DATA (Continued) 



24-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 716-06 





H^t- 



SEATING PLANE ~> 

— D G- 



— J M— I 



NOTE: 

1. LEADS TRUE POSITIONED WITHIN 
0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 

2. DIM "L"T0 CENTER OF LEADS 
WHEN FORMED PARALLEL. 



CERAMIC PACKAGE 
CASE 748-01 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIIM 


MAX 


A 


27.64 


30.99 


1.088 


1.220 


B 


14.73 


15.34 


0.580 


0.604 


C 


2.67 


4.32 


0.105 


0.170 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.57 


0.100 


0.180 


L 


14.99 


15.49 


0.590 


0.610 


M 


- 


10° 


- . 


10° 


N 


1.02 


1.52 


0.040 


0.060 



716-06 



»"i rt 



r"i ft 




W Lm j J— 



NOTES: ' _^ 

1. DIMENSIONS ] -A- | AND [""¥"] ARE DATUM. 

2. POSITIONAL TOLERANCES FOR LEAD S: 
1 | 00.25 (0.010) (M)lTl A (pi)}B®\ 

3. £TD IS SEATING PLANE. 

4. DIMENSIONS A AND B INCLUDE MENISCUS. 

5. DIMENSION L TO CENTER 
OF LEADSWHEN FORMED 
PARALLEL. 

6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


29.21 


31.75 


1.150 


1.250 


B 


9.40 


10.16 


0.370 


0.400 


C 


- 


5.72 


- 


0.225 


D 


0.38 


0.56 


0.015 


0.022 


F 


1.27 


1.65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.32 


0.100 


0.170 


L 


10.16 BSC 


0.400 BSC 


M 


0° 


15" 


0° 


15" 


N 


0.51 


1.27 


0.020 


0.050 
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MECHANICAL DATA (Continued) 



24-PIN PACKAGES (Continued) 



CERAMIC PACKAGE 
CASE 716-08 






E3_j 




NOTES: 

1. POSITIONAL TOLERANCE FOR 
LEADS: 

M 0.25 (0,010) @| Tl A©|B©| 

2. DIMENSION LTO CENTER OF 
LEADS WHEN FORMED PARALLEL. 

3. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 

4. CONTROLLING DIMENSION: 
INCH. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


27.63 


30.98 


1.088 


1.220 


B 


7.16 


7.74 


0.282 


0.305 


C 


2.66 


4.31 


0.105 


0.170 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.14 


1.39 


0.045 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.77 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.17 


5.08 


0.125 


0.200 


L 


7.62 BSC 


0.300 BSC 


M 


- 


10° 


- 


10° 


N 


1.01 


1.52 


0.040 


0.060 



CASE 716-08 



FRIT SEAL PACKAGE 
CASE 623-05 



nnnnnnnnnnnn 




24 13 


1 


) 


1 

B 

1 


1 12 




uuuuuuuuuuuu 

A J 



SEATING PLANE 




NOTES: 

1. DIM "L" TO CENTER OF 
LEADSWHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.24 


32.77 


1.230 


1.290 


B 


12.70 


15.49 


0.500 


0,610 


C 


4.06 


5.59 


0.160 


0.220 


D 


0.41 


0.51 


0.016 


0.020 


F 


1.27 


1.52 


0.050 


0.060 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.27 


0.020 


0.050 




CASE 623-05 
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MECHANICAL DATA (Continued) 



24-PIN PACKAGES (Continued) 



FRIT SEAL PACKAGE 
CASE623A-03 



nnnnnnnnrinnn 




uuuuuuuuuu u u 

A 



SEATING PLANE 




NOTES: 

1. DIM "L"T0 CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.24 


32.77 


1.230 


1.290 


B 


12.70 


15.49 


0.500 


0.610 


C 


4.06 


5.84 


0.160 


0.230 


D 


0.41 


0.51 


0.016 


0.020 


F 


1.27 


1.52 


0.050 


0.060 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 1 15° 


N 


0.51 


1.27 


0.020 1 0.050 



CASE 623A-03 



CERAMIC PACKAGE 
CASE 652-02 




NOTES: 

1. LEADS WITHIN 0.25 mm (0.010) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


14.99 


15.49 


0.590 


0.610 


8 


9.27 


9.91 


0.365 


0.390 


C 


1.27 


2.03 


0.050 


0.080 


D 


0.38 


0.48 


0.015 


0.019 


F 


0.08 


0.15 


0.003 


0.006 


G 


1.27 BSC 


0.050 BSC 


H 


0.69 


1.02 


0.027 


0.040 


K 


6.35 


9.40 


0.250 


0.370 


L 


21.97 


- 


0.865 


- 


N 


0.25 


0.63 


0.010 


0.025 



CASE 652-02 
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MECHANICAL DATA (Continued) 



24-PIN PACKAGES (Continued) 



PLASTIC PACKAGE 
CASE 709-02 




iJVV'JV'JiJVV'JVV 



A 


1 [ 


wm 


— <_ m. — - J jN 

D ^-SEATING 




_4U- 



NOTES: 

1. POSITIONALTOLERA.NCE OF LEADS (D), 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION LT0 CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 



PLASTIC PACKAGE 
CASE 724-02 



-. a «-~ 

l"l l"l l"l ("I 1"! lVl"l fY l"M B l l-Yl"! 




24 13' 
P 











SEATING PLANE 



NOTE: 

1. LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) D1A AT SEATING 
PLANE AT MAXIMUM MATERIAL 
CONDITION (DIM D). 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.37 


32.13 


1.235 


1.265 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC J 


0.100 BSC 


H 


1.65 


2.03 


0.065 


0.080 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.02 


0.020 


0.040 



CASE 709-02 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


31.24 


32.13 


1.230 


1.265 


B 


6.35 


6.86 


0.250 


0.270 


C 


4.06 


4.57 


0.160 


0.180 


D 


0.38 


0.51 


0.015 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.60 


2.11 


0.063 


0.083 


J 


.0.18 


0.30 


0.007 


0.012 


K 


2.92 


3.43 


0.115 


0.135 


L 


7.37 


7.87 


0.290 


0.310 


M 


- 


10° 


- 


10° 


N 


0.51 


1.02 


0.020 


0.040 




CASE 72402 
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MECHANICAL DATA (Continued) 



28-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 719-03 











p 






! 

B 


1 
o 




14 


1 


u 


A 


. 







H^ - 



II K / 

F D-HK 'SEATING ./ 



NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIAMETER (AT 
SEATING PLANE) AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


35.20 


35.92 


1.386 


1.414 


B 


14.73 


15.34 


0.580 


0.604 


C 


3.05 


4.19 


0.120 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.99 


15.49 


0.590 


0.610 


M 


- 


10O 


- 


100 


N 


0.51 


1.52 


0.020 


0.060 



CASE 719-03 



CERDIP PACKAGE 
CASE 733-03 



t"ii n ii n ii' t ii n i t n i l " ll ".i n i l "i l "ir"i l " 1l n i 




NOTES: 

1. DIM HAH IS DATUM. 

2. POSITIONALTOL FOR LEADS: 

1 t I 0.25 (0.010) (m) | T| A(j5j)| 

3. m IS SEATING PLANE. 

4. DIM A AND B INCLUDES MENISCUS. 

5. DIM -L- TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.45 


37.85 


1.435 


1.490 


B 


12.70 


15.37 


0.500 


0.605 


C 


4.06 


5.84 


0.160 


0.230 


D 


0.38 


0.56 


0.015 


0.022 


F 


1.27 


1.65 


0.050 


0.065 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18^ 


4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 


M 


5" 


15° 


5° 


15° 


N 


0.51 


1.27 


0.020 


0.050 



CASE 733-03 
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MECHANICAL DATA (Continued) 



28-PIN PACKAGES (Continued) 



PLASTIC PACKAGE 
CASE 710-02 



rtf^^lrt^^l^l^ll^l^rtf"!^^ 




28 lb 


■'•! 


) 


B 


P 


I 


■uwuvvuyuyvuyvw 





hU-jgI- ju -LA [k J 

F D ^SEATING ~^ 



NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF' LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 





-4— 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.45 


37.21 


1.435 


1.465 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.02 


0.020 


0.040 



CASE 71002 
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MECHANICAL DATA (Continued) 



40-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 715-05 



" 















—m-~ 





JL D 



1 1 1 1 1 1 1 1 1 1 m i 



S7 



EH 



Jk K 4-. 



NOTES: 

1. DIMENSIONS] IS DATUM. 

2. POSITIONAL TOLERANCE FOR LEADS: 



l-fold.25 (0.010) (m)|t!a@] 

3. HD IS SEATING PLANE. 

4. DIMENSION "L"T0 CENTER OF LEADS 
WHEN FORMED PARALLEL. 

5. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 




PLASTIC PACKAGE 
CASE 71 1-03 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.63 


15.49 


0.576 


0.610 


C 


2.79 


4.32 


0.110 


0.170 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.52 


0.030 


0.060 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.57 


0.100 


0.180 


L 


14.99 


15.65 


0.590 


0.616 


M 


- 


100 


- 


10° 


N 


1.02 


1.52 


0.040 


0.060 



CASE 715-05 



PACKAGE DIMENSIONS (CONTINUED! 





NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51.69 


52.45 


2.035 


2.065 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.38 


0.008 


0,015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.02 


0.020 


0.040 
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